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At this time \ast year we had just com- 
pleted State of the World- 198i, our first 
global assessment of progress toward a« 
sustainable society. We beliejyed there 
would be a strong interest in such an 
assessment but we did not anticipate that 
the U.S. edition would go into three 
printings during the first yeai:. Nor did 
we foresee that the book would be ex- 
cerpted in more than 50 periodicals — 
ranging from Natural History to the Inter- 
national Herald Tribune to The Statesman of 
Pakistan: 

The strong response to State of the 
World' 1 984 {SOTW84 ) deijionstnites 
the depth of interest in interdisciplinary 
studies and suggests their usefulness in 
poHcymaking. Over a third of the 
world's people live in countries that hqive 
undertaken Year 2000 studicis, pat- 
terned on the Global 2000 Report to the 
President done in the United States five 
years ago. Leaders and citizens every- 
whercf express goncern at these perplex- 
ing resource and environmental probc 
lems, and some have started to seek 
solutions that reinforce rather than un- 
dermine each other. 

The events of 1984 revealed a world 
conscious of its problems but at a loss as 
to how to confront them. In Mexico City, 
the U>N. Intehiational Conference on 
' Population refocused the world's atten- 
tion on its growing numbers but 5aw 
basic commitments to population assist- 
ance challenged. A prolonged African 
drought turned into famine, though re- 
Kef ettbrts and media Attention did spark 
an interest in causal factors. Civil wars, 



ERIC 



insurgencies, terrorist attacks, and ten- 
sions oetween various religious m\6 eth- 
nic groups continued to distract leaders* 
attention from the forc<^s shaping the 
**current*' of events. 

Against this backdrop, the interest of 
world political and corporate leaders in 
State of the World has been particularly/ 
heartening. In I^itin America,* former/ 
Colombian ptesidi^fit (^arlos Lleras Re/ 
strepo wrote a lengthy summary of 
S()TW 84 for publication in El Tiemp 
that country's leading newspaper. A per- 
sonal letter from President Julius Nye- 
rere of Tanzania indicates that State of the 
World was for him a **useful survey** that 
had becotne part of his personal library. 
Closer to home, Ted Turner, h^ad < 
Tung^r Broadcasting System, purchased 
1 .4^ copies for distribution to key deci- 
sion makers in the United States — in- 
cluding Chief Executive Officer^ of the 
Fortune 500. members of Congress, and 
the (Cabinet. Turner called it **the most 
important book I have read ir^l several 
years.'* 

A good beginning was made in dis- 
tributing SOTW'84 mtemationally. Our 
North American publisher, W.W. Nor- 
ton, holds English rights worldwide. In 
Beijing, the Institute of Scientific and 
Technical Infonnalion of (j(hin^j|iad a 
team of six translators at work on the 
book within ^veeks of its U.S. publica- 
tiorl. Their efforts are being paralleled in 
Jap^n by the Defense of the Green Earth 
Foundation, whi^h has also purchased in 
advance the rights to S01jW-85, Discus- 
sions are being held with the American 
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C^MUcr Libt aiy on an Knglisli edition for 
Irulia. In Indonesia, we expet i ihc Obor 
Vnslituic. long our publisher diere. lo do 
t\ local edition. Rights for Spanish have 
been purchased by Fondo de CuJuna 
Econoniica, a major puMishing house tn 
Mexico City. If n^p^miation.^ f^v Por- 
tujguese rights m Bra/il are completed 
successlully, coverage ol die western 
hemisphere will be complete. In l.urope. 
Panst wo we Wydawnict wo Kkono- 
miczne is planning a Polish edition and 
negotiations are under way on- a ('.erman 
ono. 



A( a time when some global problems 
seem insurmountable, it i$ reassuring to 
know that inforniatioKkilluminating.diem 
caA be disseminated worldwide so 
(juickly. The ( liapter on the economics 
of miclear power from SCmv^S^f was 
published ip an expanded veision as a 
WorldWatch Paper, for example. As 
soon as the study received ne,ws cover- 
age, telephone orders Were received, 
within a matter of houi s-^from Japanese 
\Uilities, members of the Gemian Pun- 
destag. and Wtdl Street investment 
firms. The sales patterns of SOnV-^S f 
and associated Wo rid watch Papers 
sometimes say a lot about the nature of 
the issues. When the chapter on acid rain 
from this year s edition first appeared as 
WorldWatch Paper 58, the Canadian em- 
bassy purchased 2,000 copies for distti- 
bution in the United Stales, 

In addition to the interest shown by 
political leaders an^J corporate planners, 
the academic worW has also responded 
well to SOTW-84, Its principal selling 
point on campuses appears to be its inte- 
grative character and the linkages it esta- 
blishes among major fields of study. In 
addition to serving as a reference for re- 
searchers, it is being adopted as a text 
for courses in agricultui-e, demography, 
ecology, geography, international 
affairs, and that relatively new genre of 
courses typically labeled Environment, 
Technology, and Society that is now 



found on almost all canlplls<|^s. 

Kach yeai \^ S(a(r of iht W orld will be a 
fresh assessment. Although each annual 
ed^ition will cover }/ie same basic issues-- 
- eo(V^^. envnouHient, food, population, 
and ec(^onnc trends — we will be look- 
ing at them from a diflerent perspective, 
for no single vi)lui\ie (ould cover all 
these ISSU05 and then mteri elattonships. 
I bis year, for example, we have devoted 
a section o( the first chapter to popula- 
tion-induced climate change, a subject 
that we think desenci: far more atten - 
tion. With n>ore tiihe to gather data, we 
hope to expand this analysis into a full 
chapter uf .V07 H'-cSV^ Similarly, this year 
we nyte the famine unloldiitg in Africa; 
next year wc hope to analyze the social 
consecpUMu es of failed agricultural and 
population policies. 

Suite oj the World is intended to be an 
integrative document, cutting across dis- 
ciplines and fields of interest. It could 
not of course displace the specialized re- 
ports of various agencies, such a,s State of 
hood and Apiculture by the U.N. Food and 
Agriculture Organization, State of the 
World's Population by the U.N. Fund Tor 
Population Activities, or World Economu 
Outlook by the International Monetary. - 
Fund. Rather, it attempts to draw upon 
dinr 'fihtlings. relating them to each 
other. State of the World also relies on na- 
tional assessments such as those pre- 
pared by the Con^evvation Foundation 
for the United States and by the Centre 
for Science afto Environment for India. 
Another report in this vein is scheduled 
to be published jointly by the World Re- 
sorlixes Institute and the International 
Institute for Knvironment and Develop- 
ment in early 1986. l entaovely entitled 
The^Vorld Resources Report, it will have an 
extensive statistical appendix diat 
should provide sorely needed data on 
resource and environmental trends, 
much as the World Bank's World Develop- 
meyU Report details economic indicators 
for the developing countries. 
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We appreciate the p\my articles and' 
\eports received from researchers the 
world over. As with we wel- 

come comrpents and suggestions,,Qper- 
its itiay be directed to me or to the au- 
* thojTs of individual chapters. 

Lester R. Brown 
WorldWatch Institute 
1776 Massachusetts Avenue, N,W. 
^ Washingt<ni, D.C, 20056 

' Decnnbn 198^ 
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A False Sense of Security 

Lester R. Brown 



Although hiuTian activities liavc ahvays 
altered the natural environment, the 
scale of disruptions in the late twentieth 
century is unprecedented. I'hc collective 
actions of a world, popuhuion approach- 
fng five billion now appear capable of 
causing continental and even global 
changes in natural systems. As hUnian. 
pressures build, the relationship be- 
tween people and their natural support 
systems can cross key thresholds, lead- 
ing to a breakdown. 

Nowhere is that breakdown more trag- 
ically evident than in Africa, where fan>- 
we i* spreading across the coruinent. A>i 
recently as 1970, Africa was essentially 
sdt^sulficient in food. In 1984, however, 
sort)^ 140 million Africans — out of a total 
of 5S^1 pillion— were fed with grair^ from"? 
abroad. In the years ahead, the conti- 
nent's dependence on imported grain 
will almost certainly be ^ven greater.* 

The spojtlight of public attention 

focused in liiie 1984 on emergency food 

relief; the medJ« regularly attributed the 

famine to dVought.VPui the drought, 

though a triggering' event, is not the 

basic cause. Per capit^^ grain production 
^ ■ » I- 1 1 .1 — .- * — ' ^.^-^^ — ■ ■ ■ ■— 
Units of measurements are usually metric unless 
common usage dictates otherwise. 

\ ^ ' ■ . 
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peaked in Africa in 1967 and has been 
declining nearly I percent per year ever 
since. The drougln merely brought this 
long-term deterioration into focus, '['he 
decline is largely attributable to three 
well-established trends: the fastest pop- 
ulation, growth of any continent in his- 
tory, widespread soil erosion and deser- 
tification, and the failure by African 
j^oveVjiments to give agriculture the slip- 
port that it needs. ^ 

Population growth both exp;y1tls food 
tieeds and contributes to endemic soil 
erosion, which is dinuning the food 
prospect of virtually every Af^rican coun-, 

' try from the Mediterranean to the Cape 
of Goc\d Hope. /V 1978 report from the 
U.S. Agen(;y for International Develop- 
ment office in Addis Ababa indicated 
that Ethiopia was losing a billion tons of 

' topsoil annually — foreshadowing the 
famine now gripping that ancient coun- 
try. In graphic language it described '*an 
environmental nightmare unfolding be- 
fore our eyes ... a result of the acts of 
miUion:^ of Ethiopians struggling for sur- 
vival: scratching the surface of eroded 
land and eroding it further, cutting 
down the trees for warmth and fuel and 
leaving the country denuded. . . . Over 
one billion— ^ne billion — tons of topsoil 



18 




(■t) • - State of the 

flow from Ethiopia's highlands each 
year Similar language could bo used 
to describe the poputat ion-induced, 
deterioration of forests and soils in 
much df Africa. ' - _ 

Amid all the media coverage of the 
African food crisis a fundamental point 
is being ovenoqked. There are no devel- 
opments in prospect on either the agri- 
culture or the fanuly pjanning side of the • 
food/population equation that will ar- 
rest the slide in per capita food prodxic-^ 
tion. • 

■ — — 

The sheer number people seek- 
ing to survive on arid, jmarginal 
land in Africa may be driving a self- 
reinforcing process of dessication^ 



" In addition, there is now evidefjjfce th^t 
population growth may be driving di- 
' mate change in Africa. The sheer num- 
ber of people seeking to survive on arid, 
marginal land.may be driving a self-rein- 
forcing process of desiccation, literally 
drying out the continent, (doming at a 
time of declining food output, this sug- 
gests a breakdown in the relationship be- 
tween people and environmental sup- 
port systems thal^ could lead Africa into 
a crisis of historic dimensions — one that 
goes far beyond short-term emergency 
food relief. This contin>?ntr*wide disinte- 
■^gi^tion could gradually shift attefition 
from the East- West confrontation, which 
has dominated world affairs for a gener- 
ation, to the deteriorating relationship 
between people and Hfe-support systems 
that now threatens the security and sur- 
vival of so many. 

The deterioration of our environmen- 
tal support systems is not restricted to 
Africa, however. It takes many forms and 
can be seen in industrial and developing 
countries alike. Acid rain and air pollu- 
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tantS\from the,con\bustion of fossil fuels 
in automobiles and^fl^wer plants are lay- 
mg waste to th^ forests of central 
Europe. Indeed, acid rain nk^^y be de- 
^ stroying the forests of Czeclmslovakia, 
Poland, and West Germany even faster 
than the axe and plow destroyed those 
of India and El SalviicK)r. More serious 
than the immediate lo5s of loi ests inJEur- 
ope is the failure of reforestation efforts 
in the devasUtted areas where newly 
plante<l s^dlings have withered and 
died. > V 

T he loSs of forests is not the only cost 
of growing def>endence on fossil fuels. 
Their combustion is also releasing car- 
bon dioxide to the atmosphere. on a scale' 
that is likely to cause climatic shifts that 
could disrupt food production, reduce 
dependable water supplies, and eventu- 
ally jeopardize coastal citii^s and towns. 

When natur^il systems are severely 
suessed by human activity, their vulner- 
ability increases. One {Ji^phic illustra- 
tion of this: In 1983 a forest fire spread 
through Indonesian KalimanlQ^v (lior- 
neo) destroying some 3.5 million hect- 
ares of forests and defying ^le con- 
ventional wisdom that nioisture-laden 

^ tropical rain forests will rfot burn natu- 
rally. Droiight combined with forest deg- 
radation from logging, agricultural set- 
tlement, and the spread of shidihg 
cultivation to 'dry out the^for^s^ and pro- 
vide a layer of kindling. Fires- ignited by 

^lightning and slash-and burn cuUivators 
began to burn uncontrollably. As fires 
blazed and smoldered for some three 
monthit, valuable timber tracts were de- 
stroyed and countless plant and animal 
species disappeared in an evolutionary 

- instant. This conflagration, little noticed 
outside the scientific community al- 
though it consumed iin areji larger than 
Taiwan, may be a harbinger of disnip- 
tions \o come in other tropical rain for- 
ests,^ 

As our numbers n\ove steadily toward 
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five billion, new manireslatious of |>opu- 
lalion pressures are surfacing. In China, 
authorities are now irying to 9<)nservc 
land by encoiii^ging creniaiion instead 
of interment in ihe' traditional burial 
mounds seen ihrougliout the counin'- 
side. Where mounds occupy ioc> much 
cropland, Beijing reccAnmends that an- 
cestral remains be consolidiited in a sm- ^ 
gle 'community plot. Veneration oi 
ancestors continues, but in this crowded 
counti^ livijig compete with the dead 
for land,* 

Difficult choices are not confined to 
Ch""ii' West Germans may now have lo 
choose between reducing automobile 
us^ and sacrificing their forests. For 
many Third World'countries'the choice 
is between an abrupt lowering of birth 
rates and a certain decline in hving stan- 
dards, ' 

Trade-ofls between (bod and energy 
are particularly difficult. In Brazil some 
1.3 million hectares of cropland were 
fjlaiited to sugarcane iii^ 1984 as part of 
a massive governVnent program to be- V 
come self-sunjcient in liquid fuels. TH^s 
reduced the outlay of scarce foreign ex-^ 
change, but it also increased the pres- 
sures on soil and the competltipri with 
th'e food secioy for resources. 

Althougb these new signs of environ- 
mental stress appear each year, many 
people find them easy to ignore. The 
world has been lulled into a false sense 
of secUrity by recent projlj[ress in sloWing 
population growth, reducing depen- 
dence on oil, and replenishing gr^arits. 
Oijly when environmental de^moration 
begins (6 affect the economic statist icj^ 
does the world s'eem to takc^ notice. ^ 

Economic trends and ecological sys- 
tems interact continuously in ways that 
we sometimf^s fail to understand and 
with conseqi^ences that we frequently do 
not anticip^te. Policies that are economi- 
cally successful in the sliort run can* be 
ecologically and ei^onomically disastroiis 



in the long run. The U,S, cro{) surpluses 
of the^ early eighties, for example — 
sometimes cited as a sign of a healthy 
agriculture — are partly the product of 
careless pverplowing, I'he very practices 
that lead to excessive eit^sion often yield 
short-teiTn production gains or cvc^n sur- 
pluses, ( r(\Unig an illusion of progress, 

^ > 

* 

Only when environmental deterio- 
ration begins to aiFect the,, eco- 
nomic statistics^ does tite world 
seerti'to take notice. 



Our undefirtandiftg of ^ these ne\j^ 
Stresses is far from complete. Unfortu- 
nately, the consequences of our action 
or inaction are of an entirely new magni- 
tude. National energy^policies could de- 
termine the extent and pace of a world- 
wide chanj^e in climate. Population 
poli<'ies- may help determine whether 
Afi ica becomes a virtual wasteland. The 
.scale of environmental disruptions we 
face lends urgency to our ellorts to re- 
turn to a sustainable path — to bring pop- 
ulation growtli and our economic and 
social systems into a l<^pg-term balance 
with the resovuxe base that supports us. 

This chapter outlines some of the key 
links between the global economy and 
the natural systems and resources that 
underpin it, focusing on how resource 
depletio^j and human alterations bf nat- 
ural sy^jlcms are adversely affecting the 
econoiTjy. it al§o briefly considers some 
facets of this complex relationship, such 
as population-induced climate change, 
that we plan to examine in more detail in 
State of the World-1986. Subsequent chap- 
ters analyze resource pressures in 
greater detail and consider the policy 
initiatives needed to alleviate these pres- 
sures and put the world economy on a 
sustainable path. 
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Tii^ Economy/Ecosysti^m 
Interaction, 

Despite the central iniportance of the 
eeonomy/ecosysteni relationship, rela- 
tively little attention has been devoted to 
analy^in^j^ it. There are several uiuler- 
^ standable reasons (or this iieglect: 
Rapid, sustained growth ol the world 
economy is historicallv riither recent; an 
analysis of the interaclion is a diflu ult 
interdisciplinarv undertaking; and eco- 
systems are not well understood. Since 
niid-centurv tlie world output of goods 
and servicjjyi liys nearly ([uadrupled, an 
ui>f)rece(K*nted achievement and a testi- 
mony^ to human energy and ingenuity. 
Unfortunately, this explosive growth 
has left little time to assess the effects 
on the earth's natural .sysleim and re- 
sources. ^ 
In a world where the broad-based ad- 
vance of knowledge has led to a high 
degree of speciali/.ation, the need for in- 
terdisciplinary research has increased 
even as its pursuit has become intellectu- 
ally more demanding. This cnallenge 
was boldly recognized in September 
i984 at a meeung of the International 
Council of Scientific Unions in Ottawa. 
Members from some 20 scientific unions 
and 71 natiovial academies of science 
passed a unanimous resolution urging a 
worldwide project to study the ijitcfac- 
lion of the earth\s physical, cheriiical. 
and biological processes. EoV tho^e as- 
^sembled, it had become clear that <^)ur 
^ lack ai understanding of these processes 
^ and how they are being affected by 
human activity poses a risk to society 
that'should be reduced.^ 

The interactions between the gibbal 
economy and the earth*s natural sys- 
tems, cycles, and resources are legiop. 
Acicl rain afllects forest productivfty, 
which in turn raises costs in the forest 
products industry. Population growth 
hastens deforestation, which may reduce 



rainfall. Fossil fuel combustion raises at- 
mosphejic levels of (arbon dioxide, 
whukm turn alters climate and eventu- 
airy world agriculture. The g^rowing de- 
mand Ubr protein tryj;gers overfishing, 
which in turn leads to the coUaiAe of 
fisheries. These are out a few (>f tfie im- 
portant links b^^tweeii the economy and 
the ecosystem. 

Of thtvse linkages, one that seems des- 
tined to attr^ict attention soon is that be- 
tween soil erosion and I'hird World 
debt. Soil erosion c an undermine not 
only a c(>untrv\s food production capac^ 
ity but its debt servicing capacity as well/ 
for it leads^ to widening (bod deficits, 
moifntiiig debt, and eventually to food 
shortages. A nation whose people face 
starvation can hardly be blamed for fail- 
ing to make debt payments. Indeed, at a 
me(;ti<^g of the X)iganization of African 
Unity in November 1984, Conference 
(^hair Julius Nyerere urged African gov- 
ernments to withold j:)ayment on their 
|l52-billion foreign debt, owed mostly 
to European and (l.S. banks. ^ 

The changing relationship between 
the global ecoiiotny, now - producing 
s^mie $l2-trillion worth of goods and 
s^yfvices per year, and the natural sys- 
tems and resources that underpin it 
raises difficult questions in analysis and 
in the conduct of international affairs. 
Unfortunately, there is no overarching 
body of theory thai integrates economic 
trends and ecological forces. Economic 
analysts turn to highly developed theory 
in their field and eco|^g'ists rely on well- 
established ecological principles. But 
there is no easy way U) integrate the two 
approaches. 

Despite^ this lack of integration, expe- 
rience tells us that the ^ecological indica- 
tors of today foreshadow the economic 
trends of tomorrow. If we are interested . 
in food prices at the end of the century, 
we should be looking at s6il erosion 
rates today. The less soil we have, the 
more food will cpst. For some ide^ of 
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the cost of lumber and the price of hous- 
ing a generation hence, we should be fol- 
lowing deforestation nites today. If wK 
want to krtc:)|Nv what types of .seafood We 
will b^ eating a decade from nhw, we 
should be analyzing the areas of overhsh- 
ing today. ^ ^ , % 

Add to this need for interdisciplinaiy 
research the interaction of these forces 
across international boundaries, and the 
complex analytical task ahead becomes 
evident. In effect, the 't-mergence of a 
liighly developed international economy 
provides a way of transmitting scarcities 
from one country to another, a sort o( 
domino theory of ecological .stress and 
collapse. Soil erosion, for example, has 
historically been a local problem; Civili- 
zations whose food Systeins were under- 
mined by erosioiv \A times pavSt declined 
in isolation. But in the integrated world 
economy of the late twentieth century, 
• food — like oil — is a ji;lobal conunodity. A 
country that loses an excessive amount 
of topsoil needs to import more food 
and thereby raises the pressure on soils 
elsewhere. 



A highly developed international 
economy provides a \vay of trans- 
mitting scarcities from one country 
to another, a sprt of domino theory 
of ecological stress and collapse. 



These forces interact not only among 
countries but also between generations. 
Fossil fuel combustion today promises 
to alter the climatie of tomorrow. Our 
inadvertent destruction of plant and ani- 
mal species impoverishes the world of 
our children and grandchildren. At issue 
IS whether we can act on behalf of future 
generations by moderating our repro- 
ductive behavior and by shifting to te(;h- 
nologies and consumption patterns that 
are sustainable. 
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TijE Loss OF Ec^onomk: 
Momentum 

In last year's Statr '{ff (he World, we noted 
the loss of momentum in world eco- 
nomic growth since 1979, a trend that 
1984 data appear to confum,,The phe- 
sent recovery, led by the resurgent U.S. 
economy, has only marginally boosted 
the average economic growth for the 
past five years. With a slowdown in pros- 
pect for 198f>, it appears more and more 
likely that'world economic growth din- 
ing this decade may not average much- 
more than 2 percent annually. 

Most immediately, the global eco- 
nomic slowdown reflects the depletion 
of oil reserves and the associated price 
hikes. These increases^ initially engi- 
Aieered by the Organization of Petro- 
leum Exporting Countries, are not the 
result of the absolute exhaustion of re- 
serves, lor vast reserves still remain. 
Rather, they are supported by a subtle 
shift from a buyer \s to a seller's market, 
.a shift that in turn stems from several 
factor*. New oil resources are generally 
more costly to develop, particularly 
those involving offshore drilling in new ► 
fields ancfthe use of secondary and terti- 
ary recovery methods^in older ones. Per- 
haps even more important, this market 
shift reflects the realization that there is 
no alternative to cheap oiL All other op- 
tions are more costly, some much more 
so than others. 

An analysis of world economic growth 
over the past 34 years shows it has 
slowed markedly following each of the 
two major oil price increases: During the 
23 years from 1950 through 1973, when 
oil was priced at roughly.$2 a barrel, the 
world economy expanded at a robust 5.0 
percent, per year. (See Tabia After 
the 1973 oil price hike, the rate of 
growth averaged just 3.5 percent per 
year thi;ough |979, Following the sec- 
ond oil price hike it slowed further 
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Global economic growih during ihe 
eigluics is scarcely keeping pace with 
lhai of populaiiorx. a ^harp conii^asi with 
Ihe siuiaiion from 1950 to 1973. WlK*n 
the world economy was increasing ai 
some 5 percenfper year, it (ar exceeded 
even ihe -mosi rapidly expanding ' na- 
tional populations. Now that it IS only 2 
percentJliowever. this is no longer the 
case. C/untries with rapidly increasing 
populations that are merely kee|)ing 
pace with the global rate of economic 
growlji are experiencing declines in per 
capita incomCv 

T|ie abundaiuc of cheap petroleikli 
ass(iciated with the exceptionally rapid 
7.6 percertt annual growth in oil produc- 
tion from 1 950 to 1973 made it relatively 
easy to expand both industrial and agri- 
cultural oiitpdt at a healthy, pace. In 
effect, cheap X)il sharply boosted the 
earth's carrying capacity. Since the oil 
price hike's and the associated rise in en- 
ergy costs across the board, rapid expan- 
sion bias been far more difficult. In the 
agricultural sector*, for examplei before 
the first oil price hike xl'orld grain output 
was expanding at oyer 3 percent a year. 
Since 1973 it has gt own at just under 2 
perceiu annually, barely keeping pace 
with population growth. The shift from 
a buyer's to a seller's market in worW oil 



hasjaffected grain production in two 
ways. First, it has increa.sed the cost of 
production inputs, thus A^educilig, the 
amount laiTiicrs can prl)duce>^vith a 
given investment. Sec^;^^d^^t has slowed 
tbej^rowth in demand 1\:)r^rain by vrt tu- 
ally eUminating gains in per capita in- 
come. 

Oil is the first major v<^souree whose 
supply has been ixrstrictved enough to 
measurably constrain economic expan- 
sion, but, over the long term the loss of 
topsoil through erosion is Ijkely to be 
more im()ortant. In Stale of the World- 
l9H't we estimated the worldwide loss of 
topsoil (ronr cropland aw excess of new 
soil1t>/)rnuUit^n at 22.7 billion tons annu- 
ally. I his Vtar, based on fresh data for 
the linited^ vStates and (>hina, we have 
raised our estimate to 25.4 billion lons.^ 
Afllicting industrial and devefi)ping 
countries alike, soil erosion is draining 
land o( productivity on every continent. 
For sub.\istence fanners in Africa or An- 
dean peasants in' Latin America, where 
u,se of oiNbased inputs is negligible or 
nonexistent, the loss of topsoil is a more- 
serious ihrcat to food production than 
oil price rises are. ^ 

Supplies of fresh water are also con- 
straining both agricultural and industrial 
expansix)n. Food is being produced in 



Tabic M. Annuni Growth in World E<;onontic and Grain Output at Three Oil Price 
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sources: Oil price data from liiicrnaitonal Monetary Fund (IMF); economic data from U.S. Dcpartmciii 
of Slate and IMF; popiilaiioii data from United Nations; grain production data from the U.S. Depariment 
of Agriculture. 
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key agricultumi regiorts of the woiid by 
the ovcrjljQifting^ of^-^ater t^tfpphes. 

many of Chinaf^ northeTti provinces, fo^ 
example, In^tne Beijing-T^^njin region 
of northeast China, a combinatiron q( ag- 
riaiftu(;^l and industrial uses is lowering ^ 
the water table h'y 1 to 4 meter* per year. 
Af^ M the south Indian state of Tamil 
NftduTttngation expansion has lowered 
the underground water table - some 
25-30 meters over the past decade. 
Overdrafting in the water-short Soviet 
central Asian republics commonly takes 
the form of excessive river withdrawals. 
These have reduced the amount of water 
reaching the Caspisin and Aral seas, 
shrinking both. In the United States, the 
depletion of the Ogallala aquifer in the 
southern Great Plains and the diversion 
of inigatton water to Sunbelt cities in 
Arizona, California, anti Florida have led 
to an unanticipated decline in national 
irrigAtd artJa of 3 percent since 1978. 
AquOer depletion is now taking its place 
beside oil depletion and soil erosion as a 
constraint on growth in world fc^od pro- . 
duction,*^ \ 

(her constraints on global economic 
e7^|:fansion include those imposed by the 
sustainable yield of fisheries and grass- 
inds, two of nature's major protein- 
producing biological systcjins. After 
more than tripling between 1950 and 
1970, growth in the world fish catch 
slowed abruptly. Averaging nearly 6 per- 
cent annually before 1970, it has 
dropped to a mere I percent in the years 
since, (See Table 1-2,) In per capita 
terms, the world catch has fallen some 
10 percent from its peak in 1970. Within 
the total harvest, the fish famting seg- 
ment accounts for about one eighth and 
is expanding steadily, indeed rapidly in 
some local situations. As with agricul- 
ture, however, aquacultural growth is 
constrained by the availability of land 
and water. 
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12, Annual Growth in W6rid FUh 
h, total and Pet Jpapita, t950^- 

Annual 
f!iro\\th in Catch 



Total 



Per Capita 



J (percent) 



1950-70' 5.9' . . \ 3.8 ^ 

1970-^3 ^1.0 , ^0.8 

SOURCK: 0>^ucd Nations Food and AgriaiUurc Or- 
ganization. Yearbook of f-'ishety SiaO^ha (Rome: vap- 
' oils years), j 

Although Hess carefnlly monitored, 
growth in the wprld pr6(Ui£Xion of beef 
— the principal product of th^ world's 
gjrasslands and second oni^ to fish as a 
source of animal protein— <:ame to a halt 
in 1976, Except in a few locations, grass- 
lands cannot support more beef cattle. 
World beef output has not expanded 
significantly over the last eight yeays, de- 
spite the continuing conversion pf tropi- 
cal rain forests into grasslandvS. As a re- 
sult, per capita beef production 
worldwide has fallen one tenth since 
' 1976. The decline has been dispropor- 
tionately great where grassland deterio- 
ration is more extensive (as in the Sahel), 
where xcd meat consumption is being 
reduced for health reasons, or where in- 
come drops have been precipitous (in 
Brazil* for example,)'' 

Fi^h production can be exparirted 
through fish filrmiHg and beef produc- 
tion can be raised by imoroving grass- 
lands and by putting more rattle in feed- 
lot^, /but these are both much more 
enei^-intensive and capital-consutn- 
ing than were the inputs that led to im- 
pressive worldwide gains during the 
fifties and sixties, when these two biolog- 
ical systems had not been fully ex- 
ploited, ' 

Contributing to the overall economic 
slowdown of the last five years is the re- 
duced growth of world food output, a 
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matter (hat should be of concern to 
policymakers everywhere. Average hfe 
expectancy in the Third World jumpe4 
from 43 years in 1950 to 53 yeans in the 
early seventies. But progress since then 
has been less impressive. Indeed, in 
those pajiUs of the world where the food* 
situation is deteriorating, hfe expectanc y 
may actually be decliningr*^ 

These trends raise two key questions: 
Wliy, in an age of ad^'ancing technology, 
is the world no longer able to sustain the 
economic and social gains of the cen* 
turys third quarter? And, closely 
related, what needs to be done to gi*t 
the world back on track? I low can we i e- 
store the b><>i*d-based improvement in 
living conditions that existed through- 
out most of the third quarter of this 
centin:jL? 



In those parts of the world where 
the food situation is deteriorating, 
life expectancy may actually be de- 
clining. 



"i he trends describexl above indicate 
that existing policies are not working 
well. Policy adjustments are needed, 
particularly with regard to population 
growth. IJndeiiiiiing the urgency of 
reformulating these policies is the real- 
izatioji^hat rapid population growth 
ofte^^^ two yegativ^ffects. On the 
dem^irside, it re^jittfes a rapid expan- 
sion in the output of food and other 
basic goods fnerely to maintain* the sta- 
tus quo. But more worrisome is the real- 
ization that population growth may now 
be indirectly undermining efforts to in- 
crease output of essential items such as 
food. Such a scenario is unfolding in 
Africa, where population grywth may be 
driving cjimate change, leading to a re- 
duction in rainfall and, ultimately, food 
production. 
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Population-Induced 
Climate Change 

Meteorologists liave long recognized 
that htmian activity could alter climate in 
urban communities. It is commonly 
kiio\yn. isix example, that cities create 
heat islands, areas where temperatures 
i\ie consistently higher than in the sur- 
rounding countryside. Daily weather 
forecasts (or large cities in the north 
temperate zone usually differentiate be- 
tween temperatures in »the downtown 
aif*a and the suburbs — with the foimer 
always being highei, sometimes by as 
much as several degiees Fahrenheil. 

Recemly another questio'n' has 
emerged: Coukkchanges in land cover, 
such as (leforesH:ii|ion in the Third 
World, alter climate? The contribution 
of population growth to deforestation, 
overgrazing, soil eic^sion, and desertifi- 
cation in the Third World is highly visi- 
ble and widely recognized. What is new 
is (he realization that these processes — 
anJI, therefore, population growth iiv 
cJhectly — may be driving climate 
changes in regions: as diverse as the 
semiarid Sudano-Sahelian zone of Africa 
and the rain forests of the Amazon. 

In a sense, the question of whether - 
human activities In the ThiVd World are 
inducing climate change centers on th</ 
stability and l esilitnce of biological sys- 
tems. Long-standing ecosystems consist 
of a complex of plant and animal species 
that interact to their mutual advantage. 
I he principal stabilizing elements are 
perennial vegetation, a stable water 
table, adequate underground water and 
stream flows, and an intact, productive 
soil profile. Ihese elements permit eco- 
systems to witfhstanci external buflleting 
such as short-term climatic fluciuations. 
A drought, for instancOt will visibly alter 
a semiarid system in the short nm, per-' 
haj^s even leading to a widespread loss 
of plants and animals, but when it rains 
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ihe area quickly i eiun\s to normaF>iees- 
tab)i??hing its ccjuinbiiuni. Bui a system 
uttdei exceptional stress may not re- 
covei 4n the expected manner.' 

These natur^il climatic fluctuations 
make it diffic^^lt to separatf^ out tlie pos- 
^slble human effects on clitnate, TVrtxon- 
siructed climatic history of the Sahel 
over the last 10,000 years, lor example, 
.shows extrt^ne fluctuatiorr^, liom peri- 
od*^ of wetness to dryness. A ratbei* de- 
tailed history over just tlie last few centu- 
ries shows that the Sahel periodically 
experienced ^evere, prolonged drought. 
Aiid^early in this ceatury, a decade-long 
drought that was partit ularly sever<; dur- 
ing 1911 and 1914 reduced the annual 
di.s74iarge of the Nile by 35 peiceiU and 
^he depth of Lake Chad by about 50 per- 
cent; river ilows and lake levels fell 
throughout West Alrica.*'* 

Meteorologists have traditionally dis- 
missed the notion of large-scale human- 
induced c limate change, arguing that the 
forces driving global atmospheric circu- 
lation would override any local, human- 
induced nlterations. One prominent 
meteoiH^logist, V. Kenneth Hare of the 
-University of l oronto, points out; "One 
school of thought — certainly- dominant 
among professionals — says that the high 
incidence and prolonged duration of i;e- 
cent droughts are simply aspects of it 
natural fluctuation, due to some deep- 
seated oscillation of the general circula- 
tion of the atmosphere (and maybe the 
ocean)." A'^'^otigh this is the conven- 
tional view. Hare notes that some 
meteorologists are beginning to wonder 
whether * human activity may now be 
affecting regional climated. 

Previous assessments have often been 
handicapped by Exclusive reliance on 
conventional meteorplogical moclels 
and to<^. But it is now possible to draw 
on relevant informatioh from several 
fields, including agriculture, ecology, 
and hydrology as well as meteorology, 
and to rl|^e together a plausible hypoth- 
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esis that population-induced local cU- 
mate change is indeed under way in 
Africa, and perhaps in northcasum Bra- 
zil and the Amazon Bas^ as well. 

Any assessment ol this hypothesis 
must begin with live unde?standi/ig that 
the continents are watered by the oceans 
and that change induced by population 
growth must involve interfering with tfie 
rmechanics of thisprocess. A%ca. (or ex- 
^ample. ijf^vatpr^by moistur«-ladcn air. 
masses from the ludian atxl Atlantic 
f oceans. I he It^dian siAiyLOjiUinent re- 
ceives rain from clouds moving inland 
fix>m the Indian Oceai^ and the Bay of 
Bengal Tl^t Brazilian Amazon derives 
almost airks watei initially from the ^^t- 
•lanc# Ocean. 

Rainfall normally foJIows tliree princir 
pal paths: rapid runoff, groundwater re- 
charge, and evaporation. Rapid rm^olf is 
water that, steadily makes its way back^o 
the" ocean via .streams and rivers. A(juif- 
ers aie recharged by water that perme- 
ates the soil, percolating MeloVv the root 
/one where it cannot be used4)y plants. 
And finally, some rainfall evaporates 
from soil oi from plant.s. either directly 
as water iiueir^pted by the plants or in- 
directly* through transpiration. ^ 
At a typical site in ihe central Ama/on.l 
such as one that was carefully studied^ 
near Manaus, Bi azil, roughly otte fourth 
of rainfall evaporates directly and nearly 
one half reenters the atmosphere in the 
form of transpiration from plants. lo- 
gc;ther. dii ect evaporatiotiand transpira- 
tion return three fourths of the rainfall 
to the-ivtmosphere. leaving one fourth a.^ 
runoff^that makes its way back iouft Ai« 
lantic, (S<^e Table 1^3.) Such high levels 
of cloud j echurge have led ecologists to 
refer to (fropical rain forests as **rain ma- 
chines.*/; • - ; 

Whe/i land is deforested, however, 
this r^tio is roughly reversed, with a 
quarter of the rainfall being returned to 
the atmosphere and three quarters rm- 
ning bff quickly. Rainfall in the region is 
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accordingly reduced, as the atmosphere 
holds less returned moisture thal>caii be- 
come rain later in the cycle. T his pattern 
increases with distance from the coast, 
for the recharge of rain clouds by evapo-ii 
ration, both direct and indirect, becomes 
the dominant source of rainfall in the 
interior. ^Even in semiarid regions, evap- 
oration supplies much ol the moisture in 
rainfall. A National Academy of Sciences 
study estimates, for example, that one 
third to two thirds of all rainfall in the 
Sahel I'omes from soil moisture evapora- 
tion.**^ 

.As indicated, water initially enters the 
Ama/.on are^; in moisture-laden air 
masses Iroin the Atlantic Ocean. As 
these progress 'westward, they are con- 
tinually discharging -^noisture in the 
form of rain and being recharged by 
'evaporation and transpiration. On the 
average, water in the Amazpn that does 
nol^ return to the ocean con^pletes the 
cycl^ every 5:5 days. During this process 
some of the "water works its way out of 
the eVapdrative cycle as r^moff and be- 

Table 1-5. Water Balance in Amazonian 
Watershed Near^Manaiis, Brazil 



Proportion 

Path of Rainfall of Rainfall ' 





(percent) 


F.v«iporation of rainfall 


26 


intercepted by vegetation 




and from forested soil 




Transpiration from vegetation 


.48 


Total e'vapotranspiralion 


74 


Stream runoff • 


26 


Total rainfall 


100 



source: Eneas Salali and Pcler B.'-Vosc, •'Amazon 
Basin: A System in Equilibrium,** Snrnce, July 13, 
1984. 
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gin.s the long trip back to the Atlantic. 
Moisture left in the air when it reaches 
the Andes moves southward into cen- 
tral Biazil and the C^haco/Paraguay 
river regions, where it becomps pnn 
of the rainfall cyde in majoi farming 
areas.**'* 

As the Aift^/un rain forest is converted 
to cropland or grassland or is cleared by 
loggnig, the share o( rainfall that runs of! 
increases, lliis swells the stream flow 
while decreasing evaporation and hence 
the amount of water in the area's hydro- 
logical cycle. The net effect is lower aver-' 
age rainfall, particularly in the western \. 
reaches. sSuch dianges. particularly 
those that reduce the amount of water in 
the Amazon's hydrological regime, 
would almost, certainly reduce the 
aniount that reaches the Paraguayan 
(".liaco and the central Brazilian pl<iteau. 
hi a landmark article in Saetice,' Eneas 
Saiati and Peter4V Vose observe that this *. 
*'might affect climatic patterns and agri- ^ 
culture in south central Brazil,""'^ Bra- 
zil's efforts to resettle the exc^esv. pop- 
ulation from ijLs northeast and south 
and to expand beef productioh by con-x 
verting the Amazon rain forest to gra«*v- 
land may indirectly threaten food pro- 
duction in the countty's agric\lltui^l 
heartland.'*^ 

Several attempts have ^een made. to 
assess the overall ellect of deforestation 
on the Amazon Basin's climate, Pernaps 
the most comprehensive and authorita- 
tive analysis is one by Ann Henderson- 
Sellers, using a three-dimensional gen- 
eral-circulation computer model created 
at tlie Goddard Institute for Space Stud- 
ies in the United States. Incorporating, 
several variables, this model suggests a 
gradual decline in average rainfall in the 
Amazon Basin as deforestation pro- 
gresses.'^ 

The actual reduction of rainfall in the 
Amazon,, is not known, but Philip Fearn- 
side. a resident researcher at the Brazil- 
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*»-ian Institute fov Amazonian Research 
reports that in 1979 Manauji wont 73 
consecutive days without.iain. Salati and 
Vose observe that "if such ft)ng dry peri- 
ods were to become commonplace or ex- 
tended there would inevitaH^' be a 
marked change in tlie natural\<:gcta- 
tion," Others have concluded that even 
a reduction in piecipitation ol 10-20 
percent would alter the Amazon ecosys- 
tem. 7 he key question, of cburse. i.s at 
what point these human intcYventions 
overcome the traditional stabilizing 
forces and set iA motion changes in veg- 
etation and climate (hat will lead to a 
Brazilian Amazon very different (Vom thc^ 
one we now know.*" 

Changes in land use also affect local 
i-ainfall by ahering (he albedo, the 
amount of sunliglu reflected back into 
space. The conversion of forests to cro|)-' 
land or grassland and sometimes to des- 
. ert. for example, increases the albedo. ' 
Where this happens, as on the fringes of 
the Sahara, the affected areas reflect 
more heat into space. Frequentiv as- 
sociated with this is an iucre^ise in what 
• meteorologists call subsidenc<N— a large- 
scale sinking air motion as air descends 
from higher altitudes to maiiuain the 
ground-leveK heat balances. This high- 
altitude air is dry and thus leduces lain- 
fall. One consequence of this proce.s^s, ► 
firs\ observed u\ the mid-seventies, is ' 
that once desertification is underlay it 
can become self-i^infbicing, gaining 
momentum over tiiYie." 
. Given these effects of land-use 
changes on the hydrological cycle and 
^ on albedo.'it should come as n<^ surprise 
that deserts ^are expanding in areas 
\, ^^crc rapidly growing populations are 
gerterating wholesale shifts in land use. 
sij^ch as Africa, northeastern Brazil, 
northwestei^n India, and northwestern 
China. Recently the United Nations En- 
vironment Programme ymdertook a siir- 
vey to assess desertification in countries 
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in the -Sudano^ahelian region of Africa. 
(See l able 1-4.) I hc 14 most populous 
countries in this group have a combined 
population of 230 million people. 43 
percent of the Af rican tofal. The survey 
f ocused on five manifestations of deser- 
tification— sand dune encroachment, the 
deterioration in rangelafld.s. forest de- 
|)letioH. the deterioration of irrigation 
systems, and problems in rainfed agri- 
culture. 

Not one of the 70 indicators-^ for 
^•ach ol the 14 countries — showed any 
improvemeiu. Acc ording to 13 of (he 70 
in<lK\u<)is. (here was no signihcaiit 
change ovei the seven years under le- 
view. Some 35. or half the total measure 
meius. showed a moderate deteriora- 
tion. I he l emaimng 21 showed a serious 
deterioration, I he 3 indicators showing 
the most consistent deterioration were 
ningelaiu|s. foVests. and rainfed agricul- 
turc\ Field observers confirm the survey 
hiufings. describing them as somber but 
realisfic. 

Perhaps because of the S;\helian 
dionght of the eaily seventies and thr ' 
continent-wide drought experienced in 
Africa in 1983 and 1984, more attention 
has been fociij^tnl-otM^ianging land-use 
pa((erns cw^d by population pressure 
and the po.s^ible effects on local climate. 
; In addition to the evidence from agricul- 
ture and ineteorology. and (he desertifi- 
cation trends, hydrological data also 
s(ygges( that Africa is "drying out." In a 
hydrological analysis mea«sui ing changes 
in river flows, J. Sircoulon observes that 
"the Senegal, Niger, and Chari rivers, 
coming from wetter regions to the south 
. have undergone a severe decrease of 

runoff during the last 15 years Lake 

Chad has shown a systematic decrease of 
level since 1963. At that time the lake's, 
sui face .covered 23.500 sq. kilometers.' 
and (he volyme of stored water wa.s 105 
billion cubic meters. In 1973, ten years 
. later, (he surface had been divided by 3 
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Stale of the World— 198 5 
TuMe 1-4. R«te of Dc«crtlflc»tion In |K« SudHfio-SthelUn Region, 1977-84 
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soimcEi Adapted from Ixonard Berry. "Descrtiliciiiioi) 
catwn Control (Nairobi), May 1984. 



and the volume by four. Since this date, 
the lake has been cut into two parts. The 
northern part dries up every year, with 
only a small inflow through the Grande 
Barricre'."'' 

Most meteorologists have been reluc- 
tant to auribute significant climate shifts 
to human changes in land use. Although 
the evidence that can now be assembled 
from several fields of study is not yet 
conclusive, it is rather J>ersuasive. In re- 
flecting on this,Xanadian meteorologist 
Kenneth Hare h^s concluded in an anal- 
yf^\% of desertificaiion in Africa tlfat 'Vc 
seem to have arrived at a critical moment 
in the history of mankind's relation to 
climate. For thf first time we may be on 
the threshold of man-induced climatic 
change/'** Knowing what we do about 
the extent of deforestation over the 
past generation and about the way the 
hydrological cycle works, it would be 
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III the Suduno-Sahelian Region 1977-84/' Dr^serUfi^ 

surprising if climate were not chang- 

... 

The lime may have come for national 
political leaders and international devel- 
opment agencies to seriously consider 
the possibility that human population 
growth may now be driving climate 
change, More significantly, it is driving 
that change in directions that will not 
benefit the people affected. It is reducing 
rainfall in areajj where rain is needed for 
crop production and livestock grazing. 
And it is expanding deserts, which in 
turn is shrinking the land area avaiUible 
for producing food^ grazing livestock, 
and producing firewood* Those respon- 
sible for family planning programs will 
be amazed to learn that their effec- 
tiveness—or lack of it— may be altering 
the climate of their country, perhaps ir- 
reversibly. 
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Fossil Fuels and Climate 
Change 

4 

Prior lo the modern age, amiosphcnc 
carbon dioxide {CO^) IcvcKs wore rather 
stable, changing only very slowly over 
long periods ol geological time. Carbon 
dioxide is used by plants in photosynthe- 
sis and is then returned to the atn^- 
sphere when the plants decompose. In 
the absence o( any major change in the 
amount of vegetation on earth, atmo- 
spheric CO^ levels remained constanC 
With the advent of die fossil fuel age. 
however, this began to change. Hydro- 
carbons that had accumnlated uilder- 
ground over long spans of geologic time 
were brought to the surface and burned 
for hiel. As fossil fuel burning increased, 
so did the carbon dioxide released into 
the atmosphere. 

At (he end of the nineteenth cen(ury. 
(wo scien(is(s — ^vante Arrhenius, a 
prominen( Swedish chemis(» and T.C. 
Chamberlain, a geologjs( a( (he Univer- 
sity of Wiscons'in^indcpendendy coft- 
cluded (ha( atmospheric carbon d>\>xide 
played a cen(ral rok* in main(aining (he 
earth*s heat balance. They observed (ha( 
carbon dioxide was (ransparcrU (o in- 
coming sunligh( but (ha( it intercep(ed 
some of the hea( radia(ing ou(ward from 
(he earth's surface, reHec(ing it back to 
earth. Thus a buildup in a(mospheric 
Cfirbon dioxide would warm (he ear(h, 41 
i|[k)cess dubbpd (he **j5reenhouirr 
^fiect'«^ 

Although the increase in a(mospheric 
CO2 probably began a century or more 
ago, it was rela(ively insignifican( up 
through the mid-twentieth century. 
Since then, however, it has accelerated. 
In 1958, sdentists a( the U.S. Observa- 
tory on Mauna Loa, Hawaii, began col- 
lecting regular Samples of air and analy z- 
ing them for COj content. Their records 
show a steady rise in atmospheric carbon 
dioxide from an annual average of 3J!6 



par(s per million in 1958 (o 343 par(s per 
million in 1983, an increase of 9 percen( 
in scarcely a quar(er-cen(ury. (See Fig- 
ure I-l.) Fossil fuel combus(ioM domi- 
nates (he carbon dioxide buildup, al- 
(hough (he s(eady ^shrinkage in (he 
ear(h\s fores( cover also adds CO^ (o (he 
aimosphere. George \Voodwell and his 
colleagues a( (he Marine Biological 1-^ib- 
ora(oi7 in Woods Hole es(ima(0 (ha( 
def()res(anon may naw be adding be- 
(ween 1.8 billion and 4.7 billion tons of 
carbon to (he a(mosphere p<Y year. Al- 
(hough less (han (he contribution from 
fossil fuels* (his is still a large addi(ional 
source of a(mospheric carbon dioxide*^'^ 
In 1950, worldwide fossil fuel com- 
bus(ion emi((ed 1 ,6 billion me(ric (ons of 
carbon. By .1979 carbon emissions had 
climbed (o a record 5.14 billion tons, 
more (han (riple (he earlier leveK-(Se4> 
Figure 1-2.) During (he (hree years fol- 
lowing (ho oil price hike in 1979 — which •• 
reversed. a( leas( (emporarily,^||p long- 
(erm trend in world oil consump(ion — 
^ carbon emissions fell by more than '5 
percen(. More impressive, however, is 
(he 10 percen( fall in carbon emissions 
per $1,000 of gross world product since 
1979 (See Table l-5r) In enrec(, the 
shaip' gains in oil-use elhciency and as- 
socia(ed reduc(ion in pe(roleum use 
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^ Figure 1-1. Attnotphcric Carbon Dioxide Level* 
at Mauna Loa» Hawaii, 1950-85 
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Fi|[ure 1-2. World Ciirbon EmUtlon* From Fossil 
Fu«l Combustion* 1950-89 

more than offset the growtJi'in coal and 
pas use. Greater reliance on renewable 
energy sources has also helped reduce 
the carbon-elnissions intensity of world 
economic output, 
t Advances in meteorological model- 
ing, combined with the data from Mauna 
Loa> provide a basis tor estimating the 
cHmaiic impact of large-scale fossil fuel 
burning. By the early eighties there was 
a near consensus about the general 
effects of the CO, rise on the earth*s cli- 
jnatic system. William W. Kellogg and 
Robert Schware point out that if indus- 
trial countries, expand fossil fuel use 4 
percent per year (the rate prevailing 
from 1«)0~80), atmospheric CO, levels 
will double preindustrial levels by 203(t, 
without even considering any increase in * 
fossil fuel use for developing countries. 
Under this scenario, average tempera- 
tures would rise 3 df)jrees Celsius (just 
over 5 degrees Fahrenheit) within the 
nfext 45 years, a period well within the 
, life span of today's young adults.*^ 
To help think through bbth the near*^ 
term anc|*the long-tertn consequences of 
rising xatmospheric-levels of CO,» Kel- 
logg and Schware look at climatic trans- 
formation in two stages. The first would 
^be reach^ around the end of the cen- 
tui7, when the world would be on aver- 
age a half-degree Celsius warmer than in 
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TmhVt l-6.^0irboi^-Emi»iion8 IhtentUy of 
World Economic; Output, 195(M2 
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1980, I his Would correspond to an at- 
mospheric CO, rise from the 343 parts 
per million at present to 360-370 parts 
per mtUion. Although such a modest av- 
erage increase does not, appear particu- 
larly striking or ominous, temperatures . 
in some regipns would rise much more. 
The warming effect is amplified, for ex- 
ample, toward the poles. Thus in the 
northern t?er of industrial countries, 
such as in North America or Eurppe, 
temperatures would increase 2-3 de- 
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grces Celsius (3-5 degrees Fahrenheit). 
Boston's cHinxitc would be similai* to iliai 
of Washington, D.C., today. In turope, 
a comparable shift would give Copenha- 
gen a temperature regime resembling 
that of Paris, 

In th^ second stage, when the dou- 
bling of CO,^ levels would i aise global 
average temperature by 3 degrees Cel- 
sius, the teniperate-/one northern hemi- 
sphere would *6xperience a rise of l-G 
degi ees Celsius, some 9 degrees Fahren- 
heit. Under this climatic regin^e Boston 
would have an average temperature 
close to that of Miami today: It would be 
a virtually frost-free city with swimming 
possible throughout most of the year. It 
is also likely to be more humid. 

TJiere would also be shifts in rarntall 
patterns associated with a COj rise, biK, 
meteorologists are much less certain of 
these changes than they are about those 
in temperature. Ot) average tbere would 
be more rainfall, though in substantial 
areas there would be Jess, as the global 
chmalic patterns shifted with the altera- 
tion in atmosphei ic <lynamics associated 
with the hicrease in tempeiature. Both 
Nortn America and the Soviet Union 
would i)e likely losers in terms of average 
rainfall Fhe U S, cornbelt, the ILS.- 
Cana^lian Great Plains wheat-gi\>wing 
area, and the principal grain-growing re- 
gions of che Soviet Union would all have 
less soil moisture even if rainfall re- 
mained the same, since higher tempera- 
lures would increase evaporation. (>hina 
would stand to lose rainfall in the north- 
^ eVn part of the country (the region al- 
ready sulFering from water scarcity) and 
to gain i^the souih, thus worsening the 
existing water imbalance between the 
two regions. Regions that stand to gain 
include Western Europe, most of Saha- 
ran Africa, the Indian subcontinent, and 
Australia,^® 

As atmospheric CO, levels go up the 
sea level will also risev Thermal expan- 
sion alone from the temperature in- 
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cr^^ise would raise aVenige sea levels by 
sor\K fwc feel as the oceans slowly warm 
by absorbing lu*al from the atmosphere, 
in addition, melting ice in both Green- 
land and Antarctica would contribute to 
the rise in sea level. There also would be 
a substantial melting of floating ice in 
the Arctic Ocean, altliough this would 
not apj^reciably aflect sea levels. 

The rise in sea level anticipated with a 
doubling of atmospheric CO,^ could 
range up to five to seven meters, but be- 
cause {\\Q transfer of heat froill the 
warmer atmosphere to the oceans, par- 
ticularly the lower levels, is a slow pro- 
cess, the full efled of doubled atmo- 
spheric COx on ocean levels could take 
two centuries or longer. Fven a short- 
term rise of one meter, however, would 
adversely aflect many coastal cities and 
low-lying agiicultural lands. Fhe inurf- 
dation of agricultural lowlands would re- 
duce world rice output, nuich of which is 
produced on the river .Hoodplains of 
Asia. 

With seas that are fiv^ to seven meter>s 
higher, vast areas of Jjkc land in the 
Hopdplains of the CaiJfes, jhe Yellow, 
and the Mekong rivers would become 
unc^^iltivatable in the absence of dikes to 
hold back the sea. Such structures would 
be among the largest public works proj- 
ects ever undertaken, rc^|uiring vast 
amounts of capital. For a low-lying coun- 
try such as Bangladesh, where 13 iuillioh 
people live less \}y<m three meters above' 
seaifvel, the significance of such a rise 
is ij^rous,50 

Fhe rise in temperature will bring with 
it another set of problems. Where tem- 
perature stress is already troublesome 
for both plants and animals, a rise ifi the 
average temperature of 9 degrees Fahr- 
enheit, such as that projected for the 
north temperate zone, would entail un- 
bearable heat stress. And over time it 
would lead to changes in vegetation, 
with species now prevalent being re- 
placed by more heat-tolerant ones, 
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With a global warming there would be 
winners as well as losers. Canada, the 
Soviet Union, and other couniries with 
hefty winter heat bills would find relief. 
Longer growing seasom in the /extreme 
latitudes would also benefit dij^se same 
countries. 

Much of (he literature emphasizes the 
need lo adjust to such changes, but the 
costs of doing so could be high. Forxx- 
ample, the evolution of agriculture over 
last several centuries in both the Old 
World and the New h^s been keyed to a 
particular climatic regmie. Cropping 
patterns, agricultural practices, and irri> 
gation and drainage systems are shaped 
by local temperature and rainf^ill condi- 
tions. If these begin to change, with 
some areas becoming wetter and others 
drier, then the drainage systeihs now ad- 
equate will become redimdant where^ 
rainfall is declininj^, whereas new sys- 
tems will have to be constructed where it 
is increasing. Similarly, some regions 
that now have irrigation will no longer 
require it, while others will need it even 
more. 



A major shift away from the cU- 
matic regime that has governed the 
evolution of agriculture will bring 
with it heavy capital investment 
needs. 



rhe bottom line of climate changers 
impact on j^gricuhure is an increase in 
capital requirements. The value of some 
drainage and irrigation systems will de- 
preciate; some will be rendered worth- 
less by the climate change. In other cases 
capital investments will be required Cor 
new drainage or irrijfation systems to 
maintain land productivity, ftfany event, 
a major shift away from the climatic re- 
gime that \t^^ governed the evolution of 
agriculture over the centuries will bring 



with it heavy capital ituestment needs. 
In a world that is finding it difficult to 
mobilise enough agricultural investment 
capital to ehminatc hunger even with a 
stable climatic regime, the prospect of 
^ having to raise vast amounts of addi- 
(lional capital merely to maintain the pro- 
ductivity'of existing systems is daunting 
indeed. * 

In adduion to aAalyzing the effect of 
rising atmospheric COj on climate, 
meteorologists are now examining the 
eflect of trace gases. Fossil fuel combus- 
tion, the manufacture oT synthetic 
chemicals, deforestation, and bionvas^ 
combustion produce some 40 ti^ace 
gases.H^ including chlomfluorocarbons. 

methane, and nitroiisjjpt*^*' Growth in 
the release of these<gases has closely par-' 
alleled (hat of (X^^ — and for the same 
reasons. The most recent .issessment of 
the eflect of trace gases on climate, con- 
ducted by a team of U.S. meteorologists, 
concluded that "the magnitude of this 
warming in the future can potentially be 
as large as the warming due to projected 
increases in COj '^*'** 

As awareness of the threat posed by 
the global €'0^ buildup now imder way 
has begun *to per.nieate the scientific 
comnmnity. various options have been 
conside^d for preventitt^^r at lieast 
niinimizmg (he problem. It is technically 
possible to remove carbort dioxide from 
(he smokestacks of coal-fired thermal 
power plants, flu* example, l^ut doing so 
requires a great deal of energy, ehough 
to reduce a plant's effective generating 
capacity by 30-80 percent. Such a pro- 
cess would thus be prohibitively costly.^.* 

Another, far more attractive option is 
to engage in serious efforts to conserve 
X"hergy» thus r^educing fossil fuel com- 
bustion. U.S. Department of Energy pro- 
jections show world CO^^ emissions doUr 
bling from 5 billion tons of carbon in 
1984 to 10.3 billion tons in 2025 Our 
own projections-abased on average eco- 
nomic and population growth rates of 
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1.2 resptciivcl 



A False Sense of Senmty 



3.2 md 1.2 resptciivcly during ihc pe- 
riod bin as.suming a coiiccncd eflTori lo 
use existing lechnologies lo boosi en- 
et^ cificiency wherever it i$ profitable 
to*do so — show that carbon emissions 
could be held to 7.9 billion tons. If all6w. 
{jince is made (or a likely slower rate of 
economic growth (a 2 percent rate* say, 
comparable to the last five years), the 
future development of more-energy- 
efficient technologies, and an emergency 
eJtprt to save forests from acid rain by 
accelerating the transition to renewable 
energy* then it is possible to envisage a 
world where carbon emissions never rise 
nnich above current levels, and eventu- 
ally begin to decline as fossil fuel.^ are 
depleted or phased out.^^^ 

If such a * COj'berygn*' strategy were 
to mateiiali/e, holding carbon emission 
levels at 5 billion tons per year, it would 
limit the rise in atniosphei ic COj from 
the current 3 13 parts per niilhoii (o 120 
parts per million in 2050. This would be 
an incjit*ase of k^ss than one fourth^ far 
below the doubling that the Department 
of Energy projects. It would markedly 
slow the change in climate^ buying time 
with which to develop alternative eneig)' 
sources and lo make any adjustments 
called for by the climatic change.^^ 

Yet another key component yf suih a 
strategy would be Xo develop energy 
sources thai did not generate cVbon di- 
oxide, such as nuclear power IWid the 
many sources of renewable energy that 
are now available. It seems unlikely that 
nuclear power will be an economically 
viable energy option, particularly when 
(he costs of decommissioning worn-out 
power plants are added to construction 
and operating costs that are already 
prohibitive in many countries. (For a de- 
tailed discussion of the nuclear power 
option, sec State of the \Vorld-l9S4.) Bui 
the possibilities of developing renewable 
energy resources that do not produce 
net carbon dioxidc-^$uch as hydro*^ 
power, photovoltaic s, wind power, solar 



panels, energy crops, and fuelwood 
plantations— arc seemingly endless. En- 
ergy efficiency and the development of 
renewable energy resoiuces ^aie dis- 
cussed at length in Chapters 7 and 8. 

Over the long term, the contribution 
of conventional oil iVsourccs Mxd natu- 
- ral gas to rising (X)^ level.s will be fairly ' 
modest since the'ieserves of these two 
(bssil fuels are being rapidly depleted, 
rhe only fossil fuel that remains in large 
enough quantities lo markedly i^ise glo- 
bal atmospheric COjj levels is coal In 
some ways this is fortuitous: Some fiO 
percent of the world's coal reserves lie 
under just three coimtiies—China, the 
Soviet Union, and the United States— 
with most of the remainder in Australia, 
India. Poland* South Africa, the United 
Kingdom, and Wes( Germany. 

In contrast to many issues arising in 
thcmanagt^nent of the global commons, 
whic^h rest on the cooperation of scores 
ol countries, agreement among only 
these three countnc\s to restrict coal 
burning would go a long way toward 
heading off a COj-induced global waniv 
ing. Whether all would">j<^cJLiuLlaieir 
interest to do so is another matter. The 
Soviet Union, for example* might con- ' 
elude that a wanning and the associated 
lengthening of growing season would on 
balance be of benefit* particularly if its 
efloris lo ^vert the flow of its major ri\i 
ers southward should succeed." Such a 
view could make Moscow less eager to - 
cooperate in a global effort to check the 
buildup of carbon dioxide. 



Breaking Out or 



Breaking Down 

The detnographic transition, a concep- 
tual device used by demographers to ex- 
plain the relationship between popi}la- 
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tion g^rowth and Icvcb of dcvelopnieiu. 
has three stages. In the Hi sSt, whicli chiUr 
iu terizes (laditioiial societies, both birdi 
and death rates are high. Societies have 
existed under diesc circiin^staiues lor 
long stieuhes, for diousands or even 
hundreds of thousands of years, widVout 
any appreciable change in population 
size. Births and deaths are Kirgelv in hal- 
au( e. 

In the secoi^d portion ol the deino- 
gtaphic transition, living (pnditions get 
better as pubhc health iinpioves. vac- 
cir^es become available, and food pio- 
duction expands. In this stage births le- 
inaii^ high* but deaths fall. The result is 
rapt(l population growth. A society at 
this point would typically have a < rude 
birth rate of 45 and a ci ude death rale of 
IT), yielding an annual population 
growth of 3 percent. , 

rhe third stage sees living conditions 
improve further', birth control become 
widely available and used, and births de- 
clining to again roughly offset deaths. A 
balance bet>veen births and deaths in a 
inoder\> society usually occurs with 
crude birth and death rates ol around 
13, The United Kingdom, West Ger- 
many, .and Hui^gary are among the 
dozen or so countries that have coitx- 
pleted the demographic trai^ition, lees- 
tablishifig an eqiglibriui^>etween births 
and deaths. 

Societies can ren^ain in either the (irst 
or the final stage o( the demogiaphic 
transition indefnutely. This is not true, 
however, of the midcjlc phase. Popular 
tions growing xit 3 percent per year mul- 
tiply twentyfold in a century. Many de- 
veloping countries have been in the 
middle stage since roug+>ly mid-century. 
Those now jn the fourth decade of 3 per- 



such an increase with its biological sup- 
port systems and so( iai ir^stitutipns in- 
tact. ' 

Itrt* eviderue o( recent years suggests 
that (ountiies stuck in the second stage 
(or more than chIcw decades experience 
mounting population pressures, pres- 
sures that eV^entually destroy forests, 
grasslands,* and ( roplaiids. As these re- 
SHjui ces deteriorate, huh tali ty rates 
begin to rise to reestablish the balance 
between births and deaths that nature 
demands. Countries that (io not make it 
to the demographic e(|iiilibrium of the 
third stage will eventually letuni to the 
demogiaphu equilibrium o( tne hrst. 
Nature provides no long-term alterna- 

1 he medianics ol this '^demogi^phu 
regression," rooted in the changing bal- 
ance between population size and basic 
resources, are becoming clear. For coun- 
tries thiM remain in the second stage for 
an extended period, population growth 
eventually shrinks the cropland per per- 
son. Such areas are also likely to be los- 
ing topsoil due to erosion. In these situa- 
tions, the technological advance^ in 
agriculture — plus any increases in fertili- 
zer use that can be alforded — may not be 
sufficient to maintain per capita food 
production, Fhe government must /ei- 
ther use foreign exchange to import 
food or obtain food assistance /rom 
abroad. Because societies in th^ middle 
stage of the demogiaphic transit/on are 
largely agrarian, a decline in pm- capita 
food production invariably ^«i^ns(ates 
into a decline in per capita iryiome. 

Manyy^* the countries thar have bro- 
ken out'of the second stage 9f the demo- 
graphic transition have doi)t so with the 
aid of cheap energy and relatively favor- 



cent annual popular! iQa_gniwilL_aic_eii abk^opuLaUoji/lariid ratjos. Others are 



route to the twentyfold increase in a cer^- 
tury that this arithmetic dictates. Unfor- 
tunately, it is difficult to imagine any 
country, even one that was sparsely 
populated at mid-century, surviving 



finding it increasingly difHicult to reach 
the point whefe gains tti per capita in- 
come i^nd the Use of birth control begin 
to reinforce each other with substantial 
gains in living stand^rds. 
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Figure 1-3. <irnin ProdiicUon Per CllpiC«^n 
China And Africa, 1950-84 

T he prospect of moving from the mid- 
dle to the final stage of ifie deinographic 
transition is p^vhaps^best assessed by 
trends in jxrr capita food pr'oduction. 
China and Africa," with populations of 
just over I billion and 531 million re- 
spectively, illustr^ite contrasting pros- 
pects, China appears to be breaking out 
and Africa, having failed to do so, ap- 
peius to be breaking down. (vSee Figure 

As recently as the early seventies, per 
capita food production in Chin^ ivas lit- 
tle improved from the mid-fifties, the 
years immediately preceding the agricul- 
(uriilly jlisastrous (ireat Leap Forward, 
During the past decade, however, per 
capita 'fbod production in China has 
climbed at an encouraging rate. The rate 
of population growth has been halved 
since the early seventies, dropping to 
just over I percent per year. Grain pro- 
duction per capita in the mid-eighties av- 
erages over 250 kilograms per year, -up 
by one f^rth from the 200 kilograms 
per year .of the early seventies. Even 
though China has serious environmental 
problems in agricuhure, including soil 
erosion, and although itS cropland base 
'is likely to continue shrinking during the 
century's closing two decades, there is a 
good prospect that living standards in 
the nation will continue to improve 



through the end of the century. 

Africa, in contrast, shows no Tnove- 
ment toward the thirclstage of the demo- 
graphic tiansition. And time is running 
out. Population growth for the continent 
as a whole is close tq 3 percent. The 
share of the population vising birth con- 
trol is minuscule. Grain production per 
capita in AlVica was quite steady 
throughout the fifties and sixties, but it 
turned downward alter reaching a post- 
war high of 180 kilograms per year in 
1%7. ^ During the mid-eighties, grain 
production per person is nearly one fifth 
below the level of the late sixties. As 
noted in the opening of this chapter, sev- 
eral countries are reporting starvation 
deaths. 

In a recent report, the World Bank ex- 
pressed concern about rising death rates 
in several African countries. Bank offi- 
cials feel that in the absence of a major 
initiative, a number of countries will ex- 
perience a disintegration of s<I 
tutions and will reveVlo **bush" econo- 
mies. The seriousnes?"of this situation 
led sevenU West European members of 
the Bank in mid- 1 984 to call for the es- 
tablishment of " an emergency rescue 
fund for Africa. Without a sharply ex- 
panded effort in both family planning 
and farming, the prospect is that much 
of the continent will drop back into the 
first stage of the demographic ti^nsi- 
tion.=»8 



Without a sharply expanded effort 
in both family plahning and farm- 
ing, much of Africa will drop back 
into the^rst stage of the demo- 
graphic transition* 



Other major areas of the world hi|ve 
^Iso remained in the §econd stage for a 
dangerously long period. [X)\€: southern- 
mosuAndean countries in Latin America 
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—Bolivia. Chile, Ecuador, and Peru— 
liave experienced a decline in per capita 
food production for more than a decade. 
Indeed, the trend in per capita (frain 
production in these four countries is re- 
markably similar to that of Africa. (See 
Figure 14.) Grain output kept pace with 
population growth during the fifties and 
sixties but then w%is eveiUually 15Ver- 
whelmed by the increase in human num- 
bers. As a result, per capita grain pro- 
duction has fallen by roughly one fourth 
o,ver the past 15 years. The forces lead- 
ing to a decline in per capita grain pro- 
duction in the South Andes are precisely 
the same as those in Africa — rapid popu- 
lar ion growth, widespread soil erosion 
and desertification, and lack of attention 
to agricultural development.^* 

If data were available for northeastern 
Brazil, a region containing some 43 mil- 
lion people, it would undoubtedly show 
a similar trend and for the same reasons. 
In addition to high birth rates and wide- 
spread saoil erosion, this region may be 
suffering from climate change as well. 
Another major area of the world at risk 
is the Indian subcontinent. Population 
growth ranges from 2.4 percent in India 
to roughly 3 percent per year in Ban- 
gladesh. Nepal, and Pakistan. Under 
these conditions, grain output per per- 
son in the early ej^ti^s is little changed 
from the early fifties. 

With a population of 960 million and 
a growth rate in excess of 2.2 percent per 
year, the subcontinent has remained in 
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Figure 1-4. Grftin Production Per Capita in 
South Andean Counirlea, 1950-84 

the middle stage of the demographic 
tiansicion for a dangerously long period 
of time. Cropland per person is shrink- 
. ing. soil erosion continues, and popula- 
tion giowth remains i^pid, making it in- 
creasingly difficult for these countries to 
set in motion the self-reinforcing trends 
of rising* food production per person 
and falling birth rates. 

Under the circumstances now unfold- 
ing there is growing uncertainty about 
how many countries in the middle of the 
demdgraphic transition will ht able to 
break out. By the end of the century the 
world may be divided into two groups: 
countries that have progressed into the 
final stage and those that have fallen 
back to the first stage. There are Unlikely 
to be many countries left in the middle. 
The deniographic transition in each na- 
tion will have been largely completed or 
aborted. 
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During the third quarter of this century 
world food production surged ahead, 
outsti;ipping population growth and 
holding out the hope that hunger could 
be banished. Over theiast decade, how- 
ever, growth in production has slowed, 
raising doubts about the long-term food 
prospect. Despite advances in technol- 
,ogy, the effort to reduce hunger is at a 
standstill. The failure to adequately feed 
all of hunianity hatigs heavily on the col- 
lective* conscience, dimming the many * 
remarkable achievements of the late 
twentieth century. 

The shi(\ing contours of the world 
food economy are dominated by two 
major developments. One is the leveling 
off of per capita food production since 
1973 following a quarter-century of' 
steady gains. The other is the divergence 
among continents and major countries 
that this global trend obscui es. In some 
regions per capita food production is 
surging ahead; in others it is falling 
steadily. 

China and Africa illustrate these con- 
trasts, as discussed in Chapter 1. The 
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impressive gains in per capita grain pro- 
duction in China have provided that 
country with a substantial safety margin, 
one that would permit it to weather two 
successive poor harvests without any se- 
rious malnutrition. In Africa, on the 
other hand> the food situation is deteri- 
orating. The 1 percent annual decline in 
per capita grain output since 1967 has 
been aggravated by the drought of 1983 
and 1984.^ Even before the droughty 
nearly a fifth of Africa's people were 
being sustained by imported grain.' 

There is a similarly sharp contrast in 
the agricultural performances of the 
United States and the Soviet Union. 
Over the past generation the United 
States has become the world's breadbas* 
ket, supplying a larger share of world 
grain imports than Saudi Arabia does of 
oil imports. Mean while, th e Soviet 
Union, which has both the World's larg- 
est cropland area and a farm sector 
'|>lagued by mismanagemfrnt and under- • 
mined by SQil erosion, is now projected, 
to import a record 50 million tons of 
grain this year, more than any country in 
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history. Ironically^ its principal supplier 
is the United States, Each day two U.S. 
freighters loaded wi(h grain head for the 
Soviet Union, indicating that economic 
interests can override ideological differ- 
ences. Indeed, the long line of ships that 
links American farms with Soviet dining 
tables may carry within it the seeds of a 
lasting detente. 



Table 2-1. EnUniftted growth in World 
CropUiicbCrea, I95(MI0, With 
Projectionft to 2000 



The Cropland Trend " 

From the beginning of agricultm^^ until 
ix)ughly mid-cenliiry, growth in the 
world's cropland area more or less kept 
pace with that of world population. The 
great bulk of the year-to-year growth in 
food supply came from expanding cul- 
tiv2Kf4jjirea. Improvements in land pro- 
:iivity came slowly or not at all. At 
lid-century, this began to chaqge. A 
1984 study by the U.S. Department oi 
Agriculture (USDA) .showed that growth 
in the world's cropland slowed markedly 
during the fifties, averaging less than 1 
percent per year^ — roughly half that of 
population. Thereafter the rale of 
growth in cropland area continued to 
slow, falling below 0.3 percent per year 
in the seventies. USDA projects that this 
slowing will continue, falling to 0.2 per- 
cent in the eighties and 0.15 percent in 
the nineties. (See Table 2-1.) If these 
trends do n^aterialize^ the world crop- 
land base will expand about 4 percent 
betweeil 1980 and 2000, while popula- 
tioti growth is projected to expand by 
some 40 percent.* 

Net j^owth in the world cropland area 
in any given year reflects the difference 

are still adding some new cropland, and 
a niuch smaller, though growing, num- 
ber where the cropland area is shrinking. 
In soine of the btter group^'the shrinkage ' 
results from the abandonment of mar- 
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souKcr.: Fi-nneis Urban and nionias Volli-ath. Pat- 
/mL\ and Tuuds iii IVurW AgitculJuml iMnd the (Wash- 
int(lon, O.C.: U .S. Govcmnicnl Priming Ofticc. 
1981). 

ginal land in favor of more-intensive use 
of the most productive land. Such de- 
dine has been imder way t[iow.for close 
to two decades in Western Europe, East- 
ern Europe, and Eastern Asia, including 
both China and Japan. In West Germany 
and Poland, for example, the postwar 
peak in aral^ij^ land area occurred in 
1955. In France, Japan, and Yugoslavia, 
it was I960; in China, the peak was in 
1963.-^ 



Roughly a third of the world^s peo- 
ple now live in countries where 
cropland area is shrinking. 



Roughly 1 .5 billion of the world^s peo- 
ple, about a third of the iotal» now live in 
countries where Cropland area is shrink- 
ing. China and Italy, for example, have 
lost 5. 1 and 4.8 percent of their cropland 
since the decline began. (See Table 2-2.) 
Changes such as th^e reflect the rela- 
tiunsh i p betwee n tl ie n u incro t i s plus and 



minus forces aifecling the cropland area. 
Expansion comhionly results from push- 
ing back flfJtfc frontiers of settlement* irri- 
gation projects, drainage projects^ tlje 
clearing of forests, or the plowing of 



grausliincl. The addition by new settle 
n\eni projects is peiliaps best illusiraicd 
by Brazil. Which is encouraging new 
(arms and ranches in the ( errado and 
the Amazon Basni, and hy huloncsuu 
which is attempting to re.stMtle people 
Iron) densely populated Java to the outer 
islands o( Sumatra, Kalimantan, and 
Sulawesi. 

New irrigation projects hate plaved a 
central role in adding to the t ultivatcd 
area a( serniarid (ountries such as Pakis- 
tan and Mexico. Indeed, throughout his- 
tory irrigation lias ptavrd a major role in 
boosting cropland prodiuiivitv and ex 
panding the earth s lood-prodmiiig la 
pacities, rhr^growing pressures on this 
key input to agricultural produi tion are 
discussed at length in ('hapter 3. 

Ivand reclamation hy di ainagx.* figures 
prominently in the vSoviet l^num, where 
some 700,000 hectares per year is to be 

Table 2 2. Selected Countries Wifh 
Declining Cropland Area, 1980 
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recUfimed d\inng the early eighties. For 
the Soviet I nion, at least, this rivals the 
annual additions Iron^ irrigation. . In 
Ontral America, (ropland area expan- 
sion comes at the expense of (()rests, 
while in Kast Alrica and Argentina re- 
f ent growth has come mostly (rom grass- 
land <onv<-rsion. I he same has been true 
lor some oi tlx^ (-l eat Plains states in the 
I'mted Stales: Colorado's Weld Coontv 
And Montana's PetroUnnn Count v have 
taken seeps to prohihii -the plowuig of 
grasslands, which are vulnerable to wind 
en)Mon once ihe grass ^ovei is rc^moved. * 
On the other side ofihc ledger, trop- 
land i be lost to such i^ynlarm iisesMs 
industrialization and to urbaiuzatum, 
one ot the ni^>st globally peoasive 
deniographu trends of tins century, Ae- 
<()rding lo C N;. projeetu>ns, the urban 
share of world population is projected to ' 
inci ease from z9 percent in 1950 to 50' 
percent hy UOOO, boosting the number of 
( ity-chvellers from 725 million to a pro- 
jected M. 1 hilHon.* 

The amount ol cmpland disappearing 
under ( ities is wot mown, but individual 
country dau aiid various surveys do pro- 
vide some indication. For example, two 
l^SI)A surveys — one in I9<)7 and the 
other m 1975 — indicated thaCsome 2.5 
million hectares of prime U.S. cropland 
were converted to urban and buill-up 
uses during^ the eight-year period. A 
study ol urban eneroachment on agricul- 
tural land in Kurope (gta.sslaiuds as well 
as croplands) from I9G0 to 1970 found 
that West (Jennany was losing 0.25 per- 
< ent of its agricultural land yearly, or I 
percent every four years. For Fra^jce and 
the United Kingdom, the <omparable 
ligure was 0.18 percent ptr year, nearly 
2 percent ff)r the decade.^ 
While attention has lhcusc<j x>n \\t \y,n} 



• soi'Rcr.: Fiaiuis t^i ban iuuJ 4'homas Volli ath. Pat- 
tniu and Trends i/i World AgiuHllnmli, and I '\r (Wash- 
ington, l>.(^; U.S. CJovonimctK Printing OHicc 
1984). 



encroachment, cropland is also being 
lost to village expatision. Ihiforlunately, 
little research has been eondticted on 
this loss. In one analysis using data over 
several decades for his native Ban- 



(:i6) ' Siaie oj the 1 

gladesh^ Akef (^azi concludes thai 
growth in the number of fainihes and 
that of the area occupied by the village 
are closely related. One rea.sonJor this 
correlation is that homes are **madc up 
of locally available materials, 3uch as 
han^boo, thatch, and corrugated iron- 
sheets and, as such, are never strong 
enough to hold an upper story." Qiiazi 
reports that **every new village home- 
stead is being built on cropland/' Al- 
though undoubtedly there, are occa- 
sional exceptions, Qiiazi's general point 
is a sound one, for Bengali villages xire 
usually surrounded by the rice fields on 
which they depend. '^^ 

Further east, in^eijing, Chinese plan- 
ners are becoming alarmed over the loss 
of. cropland to village home construc- 
tion. One consequence of the^shift to a 
family-based, market-oriented farm sys- 
tem is that the millions of peasants who 
are becoming wealthy invariably make 
building a new home their top priority. 
Planners in Beijing have concluded that 
one way to minimize cropland conver- 
sion is to encourage peasants to con- 
struct two-story homes. Even sb» the new 
affltience in the countryside is exacting a 
heavy toll on scarce cropland,^ 

Apart from the expansion of human 
settlements per se, tndtistrialization also 
consumes large areas of land. Indeed, 
one of the principal causes of cropland 
shrinkage in Western Europe and Japan 
since the mid-fifties has been factory 
construction, which was particularly 
rapid from the mid-fifties through the 
mid-seventies. More recently, industrial 
development has begun to claim land in 
developing countries as wdf Land-hun- 
gry China has been especially affected: 
Factorjes must be built in the east and 
south, where most Chinese live/which is 
also where most farmland ifir located. 
Dwight Perkins, a Harvard scholar on 
China, notes that the 10 per^nt annual 
indus^trial growth steadily consumes 
cropland. He believes planners are 
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aware of this but that **there is no'^way 
at'ound the fact that good fariTjlandfflat. 
located near transport, etc) often ilKtes 
an excellent factory site.'*^ 

The automobiliz.ation of socielies also 
claims cropland for highways, parking 
lots, garages, <\\\il filling stations, 
(Growth in the world automohU^j fleet 
from 48 million in 1950 to 331 million in 
1982 Ivas claihied millions of hectares of 
farmland jqr ^^liese purposes.'^ As with 
factory *^ites, the flat, well-drained land 
that is ideal for farming is also well- 
stiited lor highways and p<n'king lots. 

In addition to the conversion of crop- 
land to nonfarm tises, excessive eco- 
nomic demands and mismanagement 
are claiming cropland through desertifi- 
catio!!, severe e^rosion, waterlogging and 
salinizaiion of irrigated land, and the di- 
version of irrigation water to nonfarm 
uses. Soil erosion claims cropland either 
through sheet erosion or as a result of 

v^ully formation. Although severe gully- 
ing, leading to land abandonment, is^ 
now commonplace, it has received the 
least oflicial attention where it is most 
advanced. A U,N. report on cropland in 
Latin America notes its severe dimen- 
sions it> the Andean countries, wjiere 
^ullys are advancing through the steeply 
sloping coijintryside like the tentacles of 
a giants malignancy. As* these guliys eat 
their way across fields, farmers who are 
already hungry for land continue to tiir 

vwhat;,is left» right up to the gully*s edg<i 
— thtis accelerating ita progress acroffi 
the land " 

A report for Europe describes the ex- 
tensive abandonmeni of farmland in 
Italy: "It is generally agreed that in Italy 
2 mjUion hectares have been abandoned 
in the last ten years. . . The farming 
measures vii^d^ on this marginal land 
have led to deterioration of the soil so 

"that the land was consumed in th^ literal ^ 
sense of the term/''* Similarly, i^omc of 
the decline in the harvested ayea of ce- 
reals in Yugoslavia and Bulgaria over th^ 



(27) 



past two decades reflects the movement 
from .eroded, woni-oui ^joils in farm 
areas with rugged terrain.*^ 

Other sources of cropland loss liave 
received Uttle attention. For example, 
land for burial has claimed miUions of 
hectares over the past generation. In 
most countries this loss is niininiizcd 
using cemeteries. But in China, as men- 
tioned in Chapter 1 . the dead are buried 
under mounds thai are often locaJ[^ on 
good farmland/ A .^ludy of this pratticc 
in the immediate viciivity of Beijing re- 
ported that from 1949 until 1964 burial 
mounds claimed 213 hectares (52f) 
acres) of fertile cropland^ Multiplied 
thousands of timCvS over for tlii> country 
as a whole» it is clear wiiy^tfuT loss con- 
cerns Chinese political leaders. Accord- 
ingly, the governmc'nt 'has launichcd a 
campaign to encourage cremation. 
Zhang Yizhi, an official in the ministry of 
civil affairs, observes that '*we have to 
practice cremation in cities and in dense- 
ly-populated rural areas. Otherwise the 
living and the dead Will'have to scramble 
for land/* Although it is difficult to per- 
suade people to change centurics-old 
traditions, Zhang believes that the shift 
to the family responsibility System will 
facilitate this transition: *if the peasants 
want to become more prosperous, they 
will not be able to let the dead occupy 
the limited land that is available for 
farming/**^ i 

Another factor in the worW cropland 
equation is the low productivity of the 
new fields. In Nigeria and Brazil, where 
expansion of cultivated area has been 
greatest, cereal yields have increased lit- 
tle or none since 1950, The increasing, 
use of fertilizer ana other in puts is being 
offset by the declining quality^ of crop- 
land. 
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In some countries, the land lost to 
nonfarm uses is being replaced by land 
of lower productivity. The Science 
Council of Canada reports that **iialf of 
the farmland lost to urban expansion is 



coming fiom the best one twentieth of 
our farmland/**^ It takes an estimated 
240 acres of new land in Canada's west- 
ern provinces to replace 100 acres of 
land lost to urban expansion in the high- 
er-rainfall eastern provinces. And* in 
some countries there has been a "retreat 
from the margin*' because of overexpan- 
sion.This occurred in the Soviet Union 
during the early eighties, for example, as 
a result of overexpansion into marginal 
lands. 

By the year 2000 the area of new land 
to be plowed will obviously be limited. 
Indeed, new land being added will 
barely offset the losses projected. For 
planning purpose>s it is best to 'assume 
that virtually all growth in world food 
output by century's end will have to 
Come (rom raising land productivity. 



Water and Bread 

The lack of unexploitcd water resources 
may constrain growth in world food out- 
put even more than the scarcity of unex- 
ploited fertile land. In countries as 
widely .sep^iftlted as Mexico and Pakis- 
tan, freshwater scarcity prevents the 
spread of high-yielding wheats. In the 
^oviet Unidn, water shortages are frus- 
' trating^effofts to expand feedgrain pro- 
duction for that country's swelling live- 
. stock herds. As new irrigation options 
are exhausted, the link between wat" 
and bread becomes increasingly obv 

OUSv 

Although irrigated agrjf ulture started 
several thousand years ago, only in the 
twentieth century has it covered much of 
the earth's surface. (For a fuller discus- 
sion ' of the reliance on irrigation 
thr'OMghout the world, see Chapter 3,) Ifi 
I8OO an estimated 8 million hectares of 
the -world's cropland were irrigated* Al- 
though irrigation increased substantially 
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from 1900 to 1950. (lie bulk of the ex- 
pamion has occurred since then, wuh^ 
the (o(al irrigaieci area reacluug 261 mil- 
lion hecufres Ixy 1982 (See 1 able 2-3.) 

Some 15 perceiK of (he world s crop- 
land is irriga(ed, up from 1 1 pcrcen( in 
(he early six(ie$. Although irrigiUion was 
once concen(fa(ed in (he Middle Kas(, 
where i( firs( developed, (be cen(er of 
gravi(y has now shif(ed (o Asia, As of 
1980, 120 million hec(ares o( (he world's 
261 million irriga(ed hec(ares — some 16 
)>ercen(— were located in^ Asia l oday 
(he Middle EasC^nd W)r(h Africa ac> 
count for only 8 pcrcen( of (he world 
(olill. as does (be Sovie( Union, and less 
than 10 percen( is in (he Uni(ed Sta(es,. 
Uitin America accounts for under 10 
percent of (he world s in iga(ed land and 
subsaharan Africa has only 2 percent,*^ 
Inig;i(ion can use ei(her underground 
wa(er or surface wa(er from fivers, 
streams^ or lakes. Early irriga(ion sys- 
(ems relied on surface wa(er, usually (ha( 
which was backed up behind an embank- 
men( of some sor( so (hat i( would flow 
by gnivi(y onto (he fields. Using under- 
ground water requires more energy 
since (he water must be hfted. Irriga(ion- 
wa(er dis(ribu(ior^(echniciues also vary. 
For crops such as rice, flooding is com- 
monly used. Water is fed or pumped 
onto a field enclosed by a small embank- 



Table^2-3. Estimated World Irrigated 
Area, 1900-82 
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sourc:e: W. R. Rangrcley. irrigaiion--(:uncn( 
Trends and a Fuiurc IVrspcciive," World Bank 
Seminar. Waihington, D.C, February 1983. 



ment until tbe en(ire surface is covered. 
Tbis system requires (hat land be flat, 
ei(ber na(urally or as a resuh of artificial 
levelmg, Ano(ber traduipnal pi^c(ice. 
furrow irriga(ion. is coiVftnonly used for 
row (rops such as corn, po(atoes. and 
vege(ables. Widi (he advcn( pf cheap en- 
ergy, many lai mcrs pumping wa(er from 
underground began dis(ribu|ing (he 
water (hrough sprinkler sys(ems, an en- 
ergynn(ensive me(hod, 

A( (he coun(ry level. irriga(ion plays 
an tmportan( role each of (he big four 
food produce! s-i^( he United S(a(es, (he 
Sovie( Union, China, and India, Growth 
in irrigated area in China since mid-cen- 
(ury has been impressive, increasing 
from scarcely 20 million hectares in 
1950 to some 48 millioti by 1980, Much 
of (lie increase was achieved by labor- 
in(ensive con.sO uc(ion prac(ices, and i( is 
largely iespt)nsible for (he increase in 
nuihiple cropping from an average of 
1,3 crops per liec(aie in 1950 (o 1 6 in 
I980,«8 ^ 

India's net irrigated area in 1950 was ^ 
21 miUion hec(ares. almost j^ctly the 
same as China's. Bu( as of 1 9l50it totaled 
only some 39 million hectares, I he mbs( 
rapid growth has occurred since the mid- 
six(ies, following (he in(roduc(ion of 
high-yielding whea( and rice varieties 
tluu were both more responsive to the 
use of water and more exacting in their 
demand^. Ihis enhanced profltability 
s(imulated widespread investments by 
^ small farmers in wells of their own so 
(hey could more fully exploit the, yield 
po(ential of the new varieties,*^ ^ ' 

U.S. irrigated area has expanded 
throughout the period from 1950 (o 
1978 but at tt decelerating rate. Growth 
in the irrigated area fiom the mid-fifties 
throug;^ the mid-^sieventies was concen- 
trated in the southern Gteat Plains^ 
largely based on water froiti the Ogallala 
aqnifer. Since 1978 U S, irrigated area 
4ias actually declined as a result of that 
aquifer's depiction and the diversion of 
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water to nonfann uses in the sunbelt 
suites.**^ 

Soviet in i|atecl area has grown stead- 
ily in recent "ecadcs. With some 18 mil- 
lion hectares inider irrigation, Soviet 
plans call for an addition of roughly 
/00,000 hectares a year during the niid- 
; eighties. An annual growth rate of nearly 
4 percent makes this sector one M the 
fastest-growing in the Soviei economy. 
Such increase reflects the urgency ihat 
the Soviets attach to expanding the irri- 
gated area, because for them it both 
boosts food production and minimizes 
the wide swings in crop output that re- 
sult from highly variable iTiinfall.*^ 

Irrigation often holds the key to crop- 
ping intensity, especially in monsoonal 
climates where the wet season is fol- 
lowed by di7 months with little or no 
rain. Where temperatures permit year- v 
round cropping, as they often do where 
the monsoon dominates rainfall, irriga- 
tion permits the production of two. 
three, or even more c/ops ,per* year. 



Al>ill^n and a half people tire now 
jted with the additional food pro- 
duced with chemical fertilizer. 



Civi*n the projected growtK in world 
food demand, the irrigated area is cer- 
tain to expand. The question is how ra- 
pidly. Projections by the U.N. Food and 
AgriciUture Organisation (FAO) show a 
possible 53 million hectares being adde4 
between 1980 and 1990, an increase of 
one fourth within a decade.** Whether 
or not these figures do materiali/,e will 
be influenced by capital availability. Not 
only does it take a great deal of capital to. 
irrigate this much land, but the cost per 
hectare of future expansion is rising 
since the least costly sites have largely 
been developed. % 

As the cost of bringing new land under 



irrigation rises at the margin, and as the 
cost of energy (o pump underground 
water also rises, attention will focus 
more on improving the efficiency of both 
existing irrigation systems and water 
use. Unfortunately, the world in the mid- 
.eighties is not paying any more attention 
to water-use efticiency than it was to oil- 
use efiiciency in 1970! Increasingly, 
modification of irrigai^on practices to 
use water more economically will be the 
key to expanding irrigated food produc- 
tion. 



TlIK rERTILIZER LiNK 

The mid-nineteenth-century discovery 
by German agricultural chemist Justus 
von Liebig thatit was possible to replace 
all the nutrients removed from the soil, 
by crops led to the medehi chemical fer- 
tilizer industry. More than any. other 
technological advance, it has spurred 
some remarkable food production gains. 

In the years following von Liebig's dis- 
covery, an embryonic chemicid fertilizer 
industry developed, but a century was to 
pass before the industiy came ^nto its 
own, emerging as an important indus- 
trial sector of the world economy. As the 
frontiers of agricultural settlement dis- 
appeared after World War 11 and as pop- 
ulation growth accelerated, d/^m<ind for 
fertilizer begsui to climb. In 1950 the 
world usedfle^ than 14 million tons ot 
chemical fer^^izer. Within a decade that 
figure had doubled. And in the next dec- 
ade it doubled again. By 1984 world fer- 
tilizer consumption totaled 121 million 
tons, nearly a ninefold ind^ase in 34 
years. (See Table 2-4.) Eliminating irs 
use todqy would probably cut world food 
production by at least a thirdv At a mini- 
mum, a billion and a half people are now 
fed wkh the additional food produced 
with chemical fertilizer. 
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Table t-4. Woi^d Fertilizer Ute, 1950-84 

Year 



1950 

1955 -fc 

I960 

1965 

1970 
1971 
1972 
1973 
1974 

1975 
1976 
1977 
1978 
1979 

1980 
1981 
1982 
1983 
1984 



(million metric (ons) 
13.5 



18.3 

27.0 

23.1 

63.0 
68.3 
72.0 V 
77.2 4 
83.6 

82.4 

90.0 
' 90.6 

99.4 
106.9 

113.1 
116.1 \ 
1 14.3 
116.1 
121.0 



soukcr: U.N. Fooil and AgricuUurc Organir^alion^ 
FAO 1977 Anjiuol Ftruhier Hnwo (Rome: 1978). 
Paul AndrilemiA, U.S, Dcpantnciu of AgriaiUurc. 
private cominunicJilton, vSeptember 1983, and 
WorJdwaich InsiUute estimates for 1984. 

The increase in world fertilizer Use 
since mid-century has been driven by 
popuimion growth and by the expanding 
appetite for animaf'protetn* As the stork 
outruns the plow, the role of fertilizer 
increases. The reduction in world crop> 
laYid area penperson since 1950 has been 
offset by raA!sing per capita fertilizer use * 
from 5 kilograms in 1950 to over 25 kilo- 
grams by 1080. In simple terms, more 
people now means less cropland per per- 
son, requiring more fertilizer to satisfy a 
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given dietary level. (See Figure 2- 1 .) 

The soil nutrients most needed by 
plants ^dvc nitrogen, phosphorus, and po- 
tassium. Many other elements also feed 
plants: Magnesium, calciimi, and sulfur, 
for exanmie, are consid(;*red minor'nutri- 
ents. Ann there are trace nutrients such 
as zinc, boron, and copper. In both quan- 
titative and economic terms, however, 
the chemical fertilizer industry is based 
almost entirely on nitrogenous, phos-^ 
phatic, and potassic fertilizers. Among 
these three, nitrogen dominates, ac- 
counting for just over half of world fertih- 
zef output; phosphate and potash ac- 
count for roughly one quarter each,^^ 

Historically, Western Europe, the 
United States, and Japan dominated 
world output but since nitrogen fertili- 
zer is synthesized from atmospheric ni- 
trogen, it^can be produced wherever en- 
ergy is available. Followjn^the 1973 oil 
price increase, most new nitrogen plants 
have been built in oil-exportipg coun- 
tries, particularly thpse that flare natural 
gas. Since so many of these are develop- 
ing countries — China, India, Indonesia, 
Mexico, and several Middle Eastern oil 
exporters— this shift has markedly ^ 
boosted the Third World share of nitro- 
gen fertilizer production.*^ 
Phosphate artd potashi* on the other 



hand, atx* nnncd only by ilic handfal of 
coiiiiti ies ihai have indigenous l esenes. 
Most of ihe world's phosphate is mined 
in Morocco and ilic United States, prin- 
cipally in Floiida. In 1980 these two 
countries together exported 31 million 
tons of phosphate rock, nearly three 
fifths of the world total. Most of the re- 
mainder was exported by Jordan and Is- 
rael in the Middle Kast; by 1 ogo, 1 u- 
nisia, and Senegal in Africa; and by ihe 
Soviet Union. 

Production of potash, the third niajor 
ntiMiient, is dominated by' thi; Soviet 
%iion and ('.anada. which together ac- 
count for 55 percent of wofid produc- 
tion capacity. Kast and West (Germany 
divide rather equally an additional 21 
percent, and most of the remainder is 
produced in the United States and 
France. Given the international inter- 
dependence of the world fertilizer econ- 
omy, anything that affects international 
tt^de — ^stich as e>^port <Mnbargoe!j, the 
formation of export cai tels, or external 
• debt — can alfect farmers* use of phos- 
phate or potash. 

World fertilizer consumption, like the 
production of nitrt>gen fertilizer, is shift- 
ing toward the Third Wot Id. As of 1981 
the industi ial countries were consuming 
72 million tons of chemical fertilizer. 63 
percent of the world total. Developing 
countries were using 43 million tons, 
just over a third of the total, but their ' 
consumption has been gi owing far more 
rapidly, suggesting that by the year 2000 
usage may be rather evenly divided be- 
tween the North and the South, though 
per capita use will be far higher in the 
former. 

All the big four food produceis are 
heavy users of fertilizer. The Soviet 
Union, which has invested heavily in 
jnanufacturing facilities, now u%§ more 
fertilizer than any oth^ r country excej>t 
the United States. Despite this edge. So- 
viet grain output is scarcely half that of 
the United States, confirming the wide- 



spread inefttciency in fertilizer u.ye tliat 
is regularly reported in Soviet jour- 
nals. . 

Fertilizer application rates vary widely 
not only among countries but also 
among dtfterent crops. Couiltiiies with 
the most fertihzet-nuensive agriculture 
include Japan and several in Western 
Europe. U.S. farmers in the com belt also 
apply • lertilizer quite generously, 
whereas those in the semiarid western 
plains u,se it sparingly. Cereals, grown on 
.some 70 percent of the world'.^ cropland, 
account for the largest share of fertilizer 
use. Other heavily fertilized ciH)ps include 
cash crops, particularly those grown 
for export such as cotton an<l tolxicco. 

In recent years the giowth in \>'orld 
fertilizer use has slowed markedly. After 
growing 7.5 percent annually from 1950 
through 1973. it dropped to 5.6 percent 
per year during 1973-79 and to 2.5 per- 
cent per year since the 1979 oil ^ price 
jncreasc. (See fable 2-5.) This slow- 
down is not due to any single influence 
but rather t6 several, many of them as- 
.^ociated dii ectly or indirectly with tising 
oil prices. 

Table 2-5. World Grain Production nnA 
Fertilizer Use mt Three Oil Price Lcvdii, 
1950^4 

Annual Growth 



Pci iod 


Oil Price 
Pel 
Barrel 


Grain Fcrtil- 
Pru(JiK\ izcr 
tioii Use 




(tnripK 
dollfr.s) 


(percent) 


1950-73 




- 3.1 7.5 


H)73-7«) 


1% 


1 .«) 5.6 


l971>-84' 


!28 


2.0 2.5 



M9H4 grain prmluction and fertilizer trie es- 
timated by WorldWatch Institute. 
souncKS: BasecLori data from International Mdhc- 
tai7 Finid and V,S. DcpartmetU of Agrirulture. 
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Where fci lilizirr use is high, diminish- 
ing returns lue setting in. As applica- 
tions increase^ so do crop yields, but 
only up to a point. At the lower levels of 
use the crop yield response to each addi- 
tional kilogram of fertilizer is strong, but 
as application rates rise the increase di- 
minishes, until eventually there is no re- 
sponse. A broad-brush comparison of 
changes in the ratio of world gram pro- 
duction to fertilizer use over time 
colifinns this dimimshing response. In 
1950 world fertilizer use was just under 
M million tons and grain production 
\v1is 623 million tons, yielding 46 tons of 
grain produced for every ton of fei tih/er 
used. Fifteen years later this response 
ratio had been cut ui half, with each ton 
of fertihzer yielduig some 23 tons of 
gram. By 1979 the ratio had fallen to just 
over I3» where it has remained for the 
last lour years. I'hi.s leveling oH suggests 
thiU farmers arc not hnding it prohtable 
to increase greatly their use of chemical 
fertilizer. ^» 

hi many Ihird World countries, 
mounting foreign debt has constrained 
fertilrt^-r use. The more foreign*^ ex- 
change required to service deb^ the less 
IS available for importing fertilizer. Bra- 
zil, for example — the western hemi- 
sphere \s second ranking food producer 
— has severely restricted its foijlilizer im* 
ports. Several other heavily indebted 
1 bird World countries have done the 
same.*^ 

Closely associated with both external 
del>t and internal deficits is the pressure 
to riedtice or eliminate subsidies for fei ti- 
lite|* use and for food consumption, both 
of \^(hich reduce the profitability of ferti- 
lizer use. in some instances national gov- 
ernments have decided on their pwn to 
redqce these subsidies in ap effort to 
lowcir deficits. In other cases the pres- 
sultt; has come (iom the International 
Monetary Fund as a condition for con- 
tinuc|d funding or for the renegotiation 
of dc|bt repayment.*' ^ 



Fertihzer consinxuption " has also 
lagged because ol depressed economic 
condifions in rural areas. Weak farm 
prices and mounting farm debt have 
even arrested jhe growth in fcttilizer 
consumption in thv United States. After 
an extraordinary growth, stretching 
from 1940 through 1980. fertilizer use in 
the world's leading food producer 
dix)|>ped shaiply during the early eight- 
ies. (See Figure 2-2.) 

Where intensive agriculture is prac- 
ticed, as in the U S .corn belt, the energy 
embodied in the fertilizer^ — including 
that used in manufiu turing, transporting 
iUid applying u — oOen exceeds that used 
as tractor fuel. OC the total energy in- 
vested in fertilizer, roughly four hfths is 
U!fed to produce it and one fit^th to dis- 
tribute and apply U. Some 70 percent of 
nitrogenous (eitilaer is produced with 
natural gas, and t,he remainder is pro- 
duced with naphtha, fuel oil. and coal. 
But regardless of the Energy source, ris- 
ing energy costs are reducing the profit- 
ability of fertilizer use."** 

The ratio between the price of gnun 
and that of fertilizer has changed over 
the past few decades, and the real cost of 
fertilizer now constrains use to some ex- 

Million 
Short Ions 




Figure U.S. Fertiliser Consumption 
(M«lerl«l Weight), 1950-84 
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tent. For example, in (he Uniiecl Stales 
3,4 tons of wheat were reqiiired (o pur- 
chase a ton o( nitrogen fertilizer in 1960. 
A breakthrough in nitrogen synthesis in 
1963 increased the ehergy eftuiency o( 
synthetic nitrogen fixation by some 40 
percent intd reduced nilrogen ferlihzev . 
costs beginning in the late sixties. As 
use of this new technology spread, lert- 
ihzer prices clecUned. By tlie early 
seventies' only 1 .6 tons ot wheal were 
needed to buy a (on of niuogm feriiN 
I7xr. After (he oil price hikes of 1973 
tins trend was revet sed, luiwever, and 
the amount of gram required to pur- 
chase a give'n ami^un( o( (ertili/er m- 
creased somewhat. In 19H4. some 2.1 . 
tons of whea( bought one (on of nitro- 
gen fertilizer. 

In contrast to the 1950-80 period, 
when w^orld fertili/er use increased 
rather predictably, it has beVome qOite 
eri-atie since 1980 — sometimes increas- 
ing, sometimes decreasing, but certainly 
not maintaining the uninterrupted 
growth of die preceding thret decades. 
As a general matter the fertilizer use 
projections of recent years have been 
lowered witli Ca<;h successive assess- 
ment. When the FAO did Ws-Agj^cultwr: 
Toward 2000 study in 1979. il projected 
that fertilizer cotisumption in the 90 de- 
veloping conntries (excluding flihina) 
would iturease from 19 nnllion tons in 
, 1980 to 93 million tons by the end of the 
ccntury.^^ This inct ease of 8,3 peicent 
per year was consistent with the histori- 
cal trend, but it now appears that growth 
will be far slow^er. that the future will not 
b^a sin^ple extt apolation of the past. 

Projections of global use are also 
being downgraded. An assessment un- 
dertaken in 1981 by an FAO/U N. In- 
dustrial Development Organization/ 
World Bank group projected that by 
1985-^6 world fertilizer use would reach 
147 million tons. By early 1984 USD A 
was projecting 1988 world usage at 142 
•million tons of fertilizer. 



Future fertilizer use will be influenced 
heavily by the continuing spread of h n- 
galion and by the energy/food-pricc re 
lationship. However, in a( least oge 
major lood-producmg region — (lie 
sou(hern (.reat Planvs ol (he United 
.S(a(es — the irrigated- area has begun to 
de( line, making subs(an(ial further 
growdi in fcr(di/er use there unlikely. 
Knergy prices over the long tern\ seem 
(CKain (o rise. ()flse((ing (Ins at le.ist 
par(ially is (lie temporary shilt (oward 
(he use of flared natural gas as a nitrugen 
feidlizer (eeds(ock. a\s long as /gas sup- 
plies hold up. (Ins will tend to check (lie 
rise in m(rogen fer(ili/er inanufacdirnig 
c<)s(s, though not those of ph()spha((* 
and potash- 



Advances in Tf.chnology 

Any <issessinen( ol the world food pios- 
pec( must consider advancen in agricul- 
tural technology. Ihe doubling of world 
food output over (he past generation is 
largely the produc( of (he expanded use 
of irriga(ion. chemical fertilizer, and im- 
proved varie(ies. With cereals, which 
clomiiune food ou(pu(. (he developmeiu 
of hybrid corn an<l (he dwarf rices and 
whea(s have been (ennally important. 

Interestingly, the basic discoveries 
(ha( led (o tl^ese advances are by no 
means recent. Karly agriculturalists in 
the Middle East discovered tha( divert- 
ing river water onto their fields in- 
cieased (heir yields. The principles of 
chemical fertili/a(ion were discovered 
more than a century ago. Likewise, (he 
laws of heredity were firs(Mormulated by 
Mendel in the mid-nineteenth century. It 
was (he massive application of these in- 
teracting technologies anci insights after 
World War U, however, that set the 
stage for the unprecedented growth in 
world food supplies » 



/ 
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The niid-cightiet l^re a particularly rich 
time in agiicultimil research, with ad- 
vances in biotcdmologv— including 
recombinant DNA. t^Jsue culture. an<i* 
cloning-— opening new frontiers in farm 
technology. Exciting though Oiese tech- 
nologies are. they have nonetheless been 
gi eatly overplayed by the popular press. 
7 he goals of agricultural research remain 
the same — how to get more grain per 
hectare of land or more milk per cow. 



The- goals of agricultural research 
remain the same — how to get more/ 
grain per hectare of land or mor<^ 
milk per cow. 



Biotechnology ran help accelerate ihv 
research eflTort. 1( i.s not a new tool kit ^ut 
.in additional tool^to put in the existing 
kit, one that will further progress towfard 



existing goals, hs role is put into ptr 

ftiden 



spective by Thomas N. Urban, president 
of Pioneer Hi-Bred International/ the 
world s largest producer of hybrid /seed 
corn. He observes that "the new /tech- 
niques will be helpful in speeding i/p our 
work but they will not chanjfcu Jnven- 
tional breeding methods. "»« TlW same 
pointNwas made by the U.S. pmce ol 
Techhol<ijfy Assessment in its (l98 1 re- 
pori'on applied genetics: 'The lUv tools 
will be used to complement, but/not re- 
place, (he well-established pradices of 
plant and animal breeding. "'^ / 

A^O examination of the histor^Ul yield 
trend of (he three principal' cereals 
grown in the United Stat^— corn, 
wheat., and sorghum— provides both 
sonic sense of the potential Ipr raising 
yields in countries where at^ricultural 
modernization is only beginnrtig and an 
indication of the longer-ftrm Constraints 
in agriculturally advanced .societies. »8 

The yield trend for grain sorghum in 
.the United States since mid-century il- 
Ij^strates clearly the S-shaped curve that 



i ^ 

irorW-/-/9<V5 

. / 

bi^ilogists expec( all biologi<al gtowth 
' fii^K(ions (o follow. (See Figure 2-3.) 
rVom (he mid-fifties until the late sixties. 
I^jtelds of this crop nearly tripled, cllmb- 
jiig from 1.200 kilograms (o 3.300 kilo- 
grams per hec(are. :ihis remarkable 
/giowth was made possible by the rapid 
spread of hybrid sorghmn and irrigation, 
particularly in the U.S. southern plains. 
; and by heavy increases in chemical ferti- 
lizer applications. I he principal benefits 
from these three technologies came be- 
tween 1955 and 1966. the steeply rising 
pan of the S-shaped curve. 

Although theie has been some lUu (na- 
tion since (hen, (here is Hide indica(ion of 
any furdver increase in average yield. 
Lacking ano(her major breakdnough of 
some son. fu(ure hureases m II.S. sorg- 
hdm yields are likely (o be modest, hi- 
deed. as the Ogallala aquifer under the 
southern plains is depleted, many farm- 
ers will revert (o dryland farmmg. in 
which case sorghum yields in 2000 could 
well be markedly lower than today. 

Corn yields have also increased 
drama(ically, nearly tripling between 
1950 and (l|e early eighties. (See Figure 
2.-4.) This impressive gain is primarily 
the result of con(inuously improving hy- 
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Figure 2-3, S, Grain Sorghum Yield Per 
1 Hectare, 1950-84 
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bt ids inleracting with the increasing x»p- 
plication of chemical fertilizer MUiough 
the rise in corn yields has slowf d 5ince 
the early seventies, it still shows a mod- 
es! upward trend. As with sorghum, U.S. 
corn yields have also shown greater vari- 
ability as they increased. 

Year-to-year fluctuations from 1950 
through 1969 were quite modest. In 
1970, however, when the corn blight 
$ljfu<^k, yields dropped sh;^rply because 
the predominant com varieties con- 
tained H^tle resistant stock. Yields de- 
clined even further in 1974 because of 
h^d weather — a combination of heavy 
spring rains that postponed planting and 
an early frost that damaged much of the 
crop before it was ripe. And in 1980 and 
196$» drought played a major role. It will 
be;«ome years before it can be deter- 
mined whether U.S. corn yields are lev- 
eling off as those for sorghum have. 

With wheat, yield increases in the 
Vnited States have been less dramatic 
than for corn or sorghum. But after sev- 
eral yean of static or dechning levels 
during the seventies, they have resumi^d 
their upward trend. In contrast to corh, 
which is grown under high rainfall con- 
ditions, and 9orghum» which is planted 
largely on irrigated land» most U.S. 
whekt is grown under diryland condi- 



tjons. thus "limiting the potential re- 
sponse to fertilizer use. 

Although rice yields in Japan started 
increasmg well b<*foiT those of cereals in 
the United States, the steady rise that 
spanned several decades has been ioter- 
^rupted in recent years, (See Figure 2-5.) 
Over the last dec;?jde there has been little 
increase in Japanese rice yields, which 
average roughly 4.5 tons per hectare of 
milled gee. As with sorghum and corn in 
the United States, using more fertilizer 
has little effect on yields. 

To assess fully the potential for boost- 
ing world food output, current yields in 
developing countries need to be com- 
pared with those of the more agricultur- 
ally advanced countries. In the mid-eigh- 
ties Argentine corn yields, for example, 
were scarcely half those of vhe United 
States^, suggesting that over time corn 
yields in Argentina, a country with simi- 
lar soils and climate, could be doubled as 
agriculture modernizes, ^ 

Two of the most widely discussed po- 
tential -breakthroughs in agricultural 
research are the development of nitro- 
gen-fixing cereals and of more photo- 
synthetically efficient crops. Although 
the former is techr(ically possible, evi- 
dence is mounting that if cereals are en- 
gineered to behave like legumes, they 
will pay a yield penalty. In simplest 
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terms, if the nitrogen-fixing biKt^^^ that 
attach themselves to the roots o( the ce- 
reals are supported with photosynthate 
from the plant, the drain on the plant's 
metahoUc energ)' wjll reduce the energy 
available to form grain. 



Evidence is mounting that if cereals 
are engineered to behave like 
legumes, they will pay a yield pen- 
alty. 



Sharply increasinjj the photosynthetic 
efliciency will not he ensy either. Some 
g-ains have b.cen made by plant breeders 
who have improved leaf arrangements in 
order to collect more sunlight. Dwarf 
wheats and rices have upright leaves, for 
example, that enable them to absorb 
more sunlight than traditional varieties 
can. Of these two povssible advances, 
only increased photosynthetic efficiency 
could actually raise yields. Nitrogen fixa- 
tion by cereals would simply reduce 
chemical fertilizer use and hence the en- 
ergy intensity of cereal production. Both 
breakthroughs are long shots, however, 
representing basic feats of biological en- 
gineering. 

In livestock research, there are also 
signs of diminishing returns. Fhc com- 
mercialization of artificial insemination 
of dairy cows a generation ago set the 
stage for a rapid upgrading of dairy 
herds and dramatic advances in milk 
production per cow. In the United 
States, milk production per cqw tripled 
over the past generation. More recently, 
transplanting embryos from superior 
cows to inferior ones has provided a way 
to maximize the progeny of highly pro- 
ductive cows. But the role of embryo 
transplantation in raising dairy herd pro- 
ductivity will be modest compared with 
that played by artificial insemination: 
Whereas artificial insemination permits. 



a proven sire to father thousands of ofl- 
spring per year, an outstanding cow can 
produce only 50-60 viable embryos per 
year for transplant ipto less productive 
cows.^^ 

In applied agricultural research, as in 
any other area of endeavor governed by 
economics, the easy things are usually 
undertaken first. After several decades 
of sustained progress in raising crop and 
livestock productivity* it is becoming 
more difficult to maintain the rate of 
^ain. Returns may be dimmishing on in- 
vestment in agricultural research, Dou-' 
, bling or tripling U.S. research expendi- 
tures on sorghum, for example, is not 
likely to have much effect on yield^ Like- 
wise, the ability of reseafchei's in Japan 
to raise rice yields appears limited, re- 
gardless of the level of research expendi- 
tures, ' ^ 

The bottom line in assessing the po- 
tential of advancing technology to in- 
crease world food output rests with 
photosynthesis, nature's process for 
converting solar energy into biochemi- 
cal energy, a form that can be used by 
animals. 1 his process, which is unlikely 
to be bypassed, is governed by the basic 
laws of physics and chemisti7 — some- 
thing worth keeping in mind lest pie-in- 
the-sky assessments of technology 
achieve more currency than they de- 
serve. 



Food Security Trends 

Since 1973, as noted, world grain pro- 
duction has barely kept pace with popu- 
lation growth. (See Table 2-6,) The diff- 
erence between a 3 percent growth rate 
of grain production and one of 2 percent 
is the difference between a world where 
a rising tide of foo^t: output is improving 
diets across the board and one where 
food production is barely keeping pace 
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with population. As indicated earlier, the 
risihg price ol oil affects (he demand for 
food as well as the supply. 1 he lack of 
growth in per capita income for (he 
world since 1979 luiis virtnally enminaied 
the income component of l6o<\ demand 
growth. Ehininatiu)^ hunger and mainu- 
trition thus, requires not only producing 
more food but also raising pmxhasing 
power among the pc^or. 

Discussions of food security at (he 
global level commonly focus on food re- 
serves, typically meS^ired m terms of 
can y-over stocks — (hose s(ores of grain 
on hand when harves( (>f (he new crop 
begins. (See Table 2-7.) I hese reserves 
clearly do provide some secui ity, bu( (he 
cropland idled under U.S. larm pro- 
grams is also a reserve, (hough one year 
removed. Except ^during (he 1972-75 
period, (hese two reserves together have 
maintained a remarkable stabili(y in (he 
world grain raarke(. * 

A poor harves( in (he Sovie( Union in 
the summer of 1972, followed by a deci- 
sion in Moscow to offse( crop shortfalls 
by imports rather than by bel(-tigh(en- 
ing and also by a U.S. electipn-year deci- 
sio^i (o idle a ra(her large amount of 
cropland, set the stage for severe world 



wheat shortages beginning in the hue 
summer of 1^)72. When poor harve?i(s 
followed during (he next two years m 
major food-producing regi6]i[is such as 
C^hma, the Indian sikbcon(ihen(, (he So- 
vxci Unicm, and the Um(ed S(ate$, (he 
rebuilding of world grain stocks was un- 
fortunately delayed. 

The combination of carry-over stocks 
and idled U S, < ropland amounted (o (he 
equivalen( of 243 milhon tons of grain m 
1984, a decrease from 277 million tons 
die previous year. None(helesst even this 
reduced level ol grain and cropland re- 
seives equaled 56 days of world food 
consump(ion, more than enough (o 
maintain rejativcly stable |)rices in world 
grain markets. 

Wi(h over 90 percent of (he world 
grain harvest consumed in the country in " 
which it \^ produce^l, food securit>y. par- 
(icularly in the poor coun(ries, is in- 
fluenced by the rela(ionship between 
grow(h in food output and (ha( of popu- 
lation.^*> Smce 1973, as indicated, the 
rac e between food production and pop- 
ulation gioWth has been a standoff, Al- 
(hough per ca |>iipri{: rain production for 
the world as cfwTiole has been static dur- 
ing (his period, i( has increased s(eadily 



Table 2-6, World^Crain Production, Total and Per Capita, a( 1 hrce Oil Price Levels, 

1950-84 



Annual (Mowth 



Period 


1 

Oil Price 
Per Barrel 




Prodiu tion 


Popuhition 


Grain 
Production 
Per Person 




(t uiTCiU dollars) 






(pcvccnt) 




1950-73 






3.1 - 


1.9 


1.2 


1973-79 


12 




'l.9 


1.8 


0.1 






1 






1979-64 


28 




2,0 


1.7 


0,3 



AgncMllurc. tconomic Rosciart h Service. World Initas of Agn,uliuml and l-ood hvdufhon, I9^0-S3 (utipub- 
lishcd pnniouO <Wa.-«hiiigion, D.c:.: I984); United Nations. Monthly Bulktm 0/ Slnlukcs. New York various 
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Table t-7. Index of World Food Security, 1060-84 

Reserves 





World 

Cany-Ovcr 
Slocks ol* 
Grain 


Kqniv, of 
Iclkd U.S. 
Cropland 


To(;il 


World 
Consumption 




900 


(million nieiric tons) 




(days) 
IU4 


1965 


142 


70 


212 


81 


1970 
1971 
1 979 
1973 
1974 


l(>4 
183 

I ■ o 

148 
133 


71 
46 

7ft 

25 
4 


235 
229 

TLA 1 

173 
137 


75 
71 
o/ 
50 
41 


1975 
1976 
1977 
1978 
1979 


141 

196 
194 
221 
197 


3 
3 
1 

22 
16 


144 
199 

*243 ^\ 
213 


43 
56 

53 . 

62 

54 


1980 

1981 

1982 

1983' 

1984» 


187 
220 
254 
185 
205 


0 
0 
13 

92 
38 


187 

220 
267 
277 
243 


- 47 
55 
64 
65 
56 



*Prdiminary. 'Projection based on May 15 eMtmate of U.S. cropland idled. 
JioimcEs: Reserve stocks 0<jfirU.S, Department of Agriculture (USDA), Fornix Apicxkltwrt Ciroiiars. 
October 1985 and May 1 984 i cropland idled iri the United States from Randy Weber. USDA. private 
communications, August 1985 and June 1984. ■ 



in some regions of the world while de- 
creasing in others and showing no per- 
ceptible movement up or down in still 
others. 

Among the trouble spots are Africa 
and the ^mirfi Andean countries of Latin 
America, v^li described in Chapter L 
These regions with declining food pro- 
duction per person typically have fragile 
ecosystems, most often semiarid or 
mountainou's, and rapid population 
growth. Africa's postwar peak in per 
capita grain production calme in 1967 at 
180 kilograms. By 1982 it had fallen 20 



percent. In 1983 it fell an additional 14 
percent because of the continent-wide 
drought. Although in 1970 Africa was 
nearly self-sufficient in food, by 1984 im- 
ports had reached 24 million tons. (See 
Table 2-8.) 

Africa is losing the battle to feed itself, 
Malnutrition and hunger are on the in- 
crease. That so many Africans are starv- 
ing today is a tragedy. But the even 
gieater tragedy is that African govern- 
ments and the international community 
are tloing so little about the causal fac- 
tors^ More often than not food-price 
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1 OKn 




~ 1970 


1980 


1984* 








(million metric tons) 




North America 


*l-23 


-f 39 


+ 56 


+ 131 


+ 126* 


Latin America 


-f 1 


0 


+ 4 


-10 


-4 


Western Europe 


-22 


-25 


. -»0 


-16 


+ 13 


E. Eur. and Soviet Union 


0 


0 


0 


-46 


-51 


Africa • 


0 


-2 


-5 


15 


-24 


Asia 




- »7 


-37 


-63 


-80 


Australia and New Zeal. 


+ 3 ' 


+ 6 


+ 12 • 


+ 19 


+ 20 



„ — — f>"» ....^»VF. ^Preliminary, 

sources: UAited Nations Food and Agriculture Orgamniiion. f\oductwn Yf^orbook (Rome various year?) 
U.S,Depj^rtmeniof ARnculture.,Aom^i,^^ni//rirrarni/m, August 1985 imd November 198 1 iidjustmcntw 
by WorldWatch Institjite. Jmws^* 



policies are designed to pacify urban 
consunr^crs rather than to*!stinuilate de- 
velopment in the country.side. Except for 
a few countries sucl^as Kenya. soiTt^n- 
servation programs are largelf^nonexisl- 
efit. African leaders are only beginning 
to sense the urgen^of braking popula- 
tiQD growth. Famil^lanning programs, 
where they exist, are still in an embry- 
onk-4tage^ 

After Africa, food security is deteri- 
orating n)OSt rapidly in mountainous 
Third Wbrld countries, largely because 
their ecosystems are fragile and highly 
vulnerable to mismanagement. Land 
hunger Jin the Andean countries — 
Bolivia, Chile, Ecuador, and Peru — is ev- 
ident in the push of unterVaced farming 
up the mountainsides, Even^o the casual 
observer it is evident that much of the 
soil, on the steeply sloping, fteshly 
plowedgppnountainsides' will soon be 
washeoto the stream beds below, leav- 
ing only bare rock and ^hungry people. 
One of the* most fragile mountain eco- 
systf^ms is that of Nepal, nestled in the 
high Himalayas. Grain prodMCtion per 
pcr30n there peaked in 1961 and has de- 
clined some 27 percent or roughly 1 per- 
cent per year since then.** As With Africa 
and the Andean countries, there is noth- 
ing in prospect in this mountainous 



kingdom in either farming' or family 
planning that promises to arrest this 
deterioration in the foreseeable future. 
For tht^sc areas, as for Africa, the pros- 
pects for food security are not at ail 
promising. 




Food Prices: Then^ottom 
Line 

Assessing the food prospect is ntet sim- 
ply a matter of determining in lUWhnical 
sense how much food the world's farm- 
ers can produce. They can pfodu<5eTar 
more than (hey now are. The real issue 
is at what cost and, most iiriportantly, 
how this cost will relate to the purchasr 
ing power of the billion apd a half poor- 
est people in tjij^ world, who already 
spend most ofthcir incom? on food, , 
The cost of food production is deter- 
mined by the resources available* such as 
land, water, fertilizer, and pc^sticides, 
and the skill with which tht^y are com- 
bined, Historically, advancing technol- ^ 
ogy has more than offset any restrictions 
imposed by resource availability, but 
over the past decade or »o this h^s be- 
come more difficult. As a result, ^owth 
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in food production IVas flowed. • ^ 

As noted earlier in this chapter, 
growth in the world*^ cropland area is 
now scarcely perceptible. USDA now 
projects that between 1985 and the eqd 
of the century the world cropland area 
will increase roughly 3. percent, just 
about enough to provide for one year*s 
increase in demand.'*^ 



The most important force driving 
the cost of food production upward 
is the shrinkage of cropland per 
person. ^ 



Although irrigation has recently 
played a major role in boosting land pro- 
ductivity» for much of humanity water is 
becoming scarce. In some situations 
farmers are overdrawing supplies merely 
to produce food at current levels. In the 
United States, for example, the irrigated 
area actually declined some 3 percent 
between lO'^S and 1982. This new trend 
is indicative of the grOVing dilficulties in 
many other parts of the world in expand- 
ing the irrigated area. While the irri- 
gated area worldwide \Vill continue to 
expand, it will not do sonearly as rapidly" 
as in the past. 

Perhaps the most important force 
driving the cpst of food prd^uction up- 
ward is the shrinkage of cropland per 
person. Vo maini:mr|5er capita food pro- 
duction as cropland shrinks, more pur- 
chased inputs must be used, including 
fertilizer, water, and pesticides. Til? 
tren€ls can be measured most precisely 
for fertilizer. In 1950, when a quarter of 
a hectare was harvested per person, per 
capita fertilizer use was 5 kilogran)s, (See 
Tiible 2 9.) In 1984, when this area had 
shrunk to 0.15 hectares, fertilizer use 
had increased to 25 kilograms per per- 
son. Given the difficulties in expanding 
the cropland area and the momentum of 
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world population growth, this/patterit is 
certain to continue As the harvested 
grain area moves toward one tenth of a 
' hectare at the turn of the century, ever 
larger amounts of (ertiUzer will have to 
be a|5plied to maintain per capita food 
output, contributing to higher produc- 
tion costs. 

Although all projections of world food 
supply and demand incorpoilJte projec-* 
tions for the cropland area, none take 
into account the record aipount of top- 
soil being lost from the world's cropland 
base through erosion. The loss of some 
25.4 billion tons of topsoil from tne 
world's cropland in excess of new soil 
being formed is reducing the inherent 
productivity of land. 1 he linkage be- ^ 
"twe<;n soil erosion and production^costs 
has been analyzed in detail by an intei^ 
-disciplinary team of scientists who stud- 
led land in southern Iowa. I hey con- 
cluded that a shift of cropland from a 
slightly eroded to a severely eroded con- 
dition would boost annual fertilizer ap- 
plication requirements per acre by 40 
pounds of nitrogen, 3 pounds of phos- 
phate, and 13 pounds of potash. This 
increase in fertilizer would be r'equired 



Tirf>l€ 2-9. World Grain Area and 
Fertilirer Use Per Capita, 195(M4 ^ 
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0.20 
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0.18 
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0.16 
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soiirck: Worldwaich Insttitute e8Uin;ucs, based on 
data fi^f)!)) U.S. DcpaumcfU of AgiicuUurc and 
United Nations Food and Agiicultiire Organiza- 
tion. 
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merely to maintaiiuli£outpiu . Tficy also 
l^ooked at changes intlttr fuel require^ 
ments for ullage as the lopsoil washed 
away, forcing farmers lo include more 
subsoil in the plow layer. I^icrensing ilJk 
d^^jree of erosion from .slight to sever^ 
raise tillage fuel requirements by 
5rcent.^3 1^ 
the fertiliser required to satisfy 
food needs continues to increase, the 
world is faced witli two rising cost 
curves. 1 he first is associated witli addi- 
tional expenditures on fertilizer due to 
the slninkage of cropjand per person. 
And sAond, rising energy costs over the 
long |efm will increase the cost per unit 
of dieihical fertilizer — the nitrogen, 
phosphate, and potash — reqjuired to 
boost land productivity. 

For the world as a whole to reestablish 
the upward trend in per capita food pro- 
duction, either the growth of food pro- 
duction must accelerate or that of popu- 
lation must slow. Oiven the resource / 
constraints described in this chapter — 



land, water, and energy — it will be difli- 
cult to reestablish a 3 percent i^ate of 
growth \f\ food production. Tlie hope of 
reducing hunger thus rests more HTeavily 
than ever on population policies and 
family planning programs. 
' ('onsumers everywhere face higher 
food prices over the l9ng term. This 
politically sensitive economic indicatot" 
perhaps more than any otljer leads to. 
consumer dissatisfaction and political 
unrest. Headlines describing food price 
protests and food riots are becoming 
commonplace: Witness recent demon- 
strations in Brazil, the Dominican Re- 
publi( . Morocco, Poland, and Tunisia.^^ 
Reductions in food subsitlic\s imposed 
on defu it-ridden I hird World borrow- 
ers by the rntern<,itional Monetary Fund 
as a condition for new loans have led to 
the coining of a term — IMF riots. Rising 
demimds on the earth's food-producing 
resources as some 81 million jpeople are 
added each year are beginning to trans- 
late into political unrest and instability. 
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Like cnerg)'. water is an essential ingie- 
dient in virtually evei7 l\uman endeavor. 
Its availability is vital to feeding the 
world*s growing population, producing 
the material goods that raise living stan- 
dards, and preserving the integiity of 
natural systems upon which life itself de- 
pends. Yet in most nations remarkably 
little is known with certainty about how 
much water'is used where, when, and by 
whom. Although virtually every political 
leader could quote the current price of a 
barrel of oil, few would know the cost of 
securing an additional 1,000 cubic me- 
ters of water. 

Long taken lor granted, fresh water 
may in many areas become a constraint 
on economic growth and food produc- 
tion over the coming decades. In the 
past, rivers atid streams have been 
dammed and diverted to/ provide de- 
pendable water supplies to areas in 
need. Engineering feats, such as the 
Aswan Dam in Egypt and the California 

This chapter appeared as Worldwatch Paper 62, 
Water: Rethinking Management tn an Age of Scarcity. 




Aqueduct in the United States, have lit- 
erally made deserts bloom. Yet increas- 
ing competition for a limited supply and 
the rising economic and environmental 
tosts of traditional water .strategies de- 
mand a new approach to the manage- 
meni of fresh water. Few governments 
have even r<:'cognized the need for such 
a reevaluaiion. much less begun to de- 
sign the necessary policies for the future. 
Unfortunately, an abimdance of time, as 
with an abundance of wat^fr, may very 
well prove illusory. fe^ 



The Water Cycle and 
Renewable Supplies 

Numbers alone fail to tell water's true 
story. Enougli rain and snow falls over 
the contirv^nts each year to fill Lake 
Huron 30(times, to magnify the flow of 
the Aiya/.on River^ sixteenfold, or to j 
coverXhe earth's total land area to a 
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depth, of 83 ceniimeters. Yet lack of 
water lo grow crops periodically threat- 
ens millions with fanime. Water tables in 
southcrq India, northern China» the Val- 
ley of Mexi(!o. and the U.S. Southwest 
are falling precipitously, causing wells to 
go dry. Rivers that once ran year-round 
now fade with the end of the rainy sea- 
son. Inland lakes and seas are shrinking. 

Unlike coal, oil. wood, and most other 
vital resources, water is usually i\eedcd 
in vast.^iuantities Uiat are too unwieldy 
to be traded internationally. Rarely is it 
ti^ansported m6re than several hundred 
kilometers from its source. I hu^ while 
fresh water eveiTwhere is linked to a vast 
gipbal cycle, its viability and adequacy as 
a resource is determined by the amount 
available locally or regionally and by the 
way it is used and managed. 

Each year, the sun's energy lift 5 some 
v5()0.00() cubic kilometers of watrr from 
the earth's surface~86 percent (fom the 
oceans ai^l4 percent from land. (One 
cubic kilometer equals one billion cubic 
meters or one trillion liters; in standard 
U.S. usage, the equivalent is ^out 264 
billion gallons.) An equal amount falls 
back to earth as rain, sleet, or snow, but 
fortunately not in the same proportions. 
Some 110,300 cubic kilometers falls 
over land (excluding (ireenland and Ant- 
arctica), whereas only 71,500 is evapor- 
ated from it. Thus, this solar-powered 
c^e annuafty distills and transfers 
380HOO cubic kilometers of water from 
the oceans to the continents. To complete 
the natural cycle, the water then makes 
its way back to. the sea as "runofll."* 
By virtue of this cyclic flow between 
the sea, air, and land, fresh water is a 
renewable resource. Under the planet \s 
existing climatic conditions, approxi- 
mately the same vjolume is made avail- 
able each year. Today's supply is the 
same as when civilizations fu st dawned 
in the fertile river valleys of the Ganges, 
the ligris-Euphrates, and the Nile. 
Viewed globally, fresh water is still un- 
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deniably abundant. For each human in- 
habitant there is now an annual renew- 
able supply of 8,300 cubic meters which 
is enough to fiU a six-nieier-square room 
38 times, and \everal times the amount 
needed to sustain a moderate standard 
(^f living.^ 

^Natural variations in climate and the 
vagartes of weather easily cast shadows 
. over this picture of plenty, however, for 
water is not always available when and 
where it is most needeff Nearly two 
thirds of each year s runofl flows rapidly 
away in floods, often bringing more de- 
struction than benefit T he other third is 
stable, and is thus a reliable source of 
water for drinking or irrigating crops 
year-round, -Water that uililtrates and 
flows underground provides ihc base 
flow of Vivers and streams and a^couttts' 
for inost of the stable shpply. The con- 
trolled release of watci from lakes and 
reservoirs addj a bit more, bringing the 
total stable supjily to about 1^000 cubic 
kilometers, or 3,000 cubic meters per 
person— thr . present practical limit of 
the renewable freshwater supply. 

Asia and Africa are the coijiinents fac- 
ing the greatest water stresF Supplies 
for each Asian today are less than half 
the globsjl average, and the contitTeuliS 
runoll is the least stable of all the major 
land masses. (See Table 3-'l.) ILofty 
mountain rangeH and a monsoon <:*fimate 
make rainf all and runoff highly variable. 
China s Huang He, or Yellow River, has 
had at least one major change of course 
every century of the 2, ,500 years of re- 
corded Chinese history. In India, 90 per- 
cent of the precipitation falls between 
the months of June and September, and 
most of the runofl flows in the Ganges 
and Brahmapufra basins in the North. 
Failure of the 1979 monsoon led to one 
of the worst droughts of recent record 
and reduced Indians production of food- 
grains by 16 percent. In Africa, the Zaire 
River (formerly the Congo)— second in 
volume only to the Amazon-^^accounts 
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Tuble 5-1. Didlribiillon of Renewnble Fr««hwmter Suppllot, By Contliicnl 
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for about 30 percent ol the continent's 
renewable supplies bul How!) largely 
through .sparsely populated rain forest. 
I wo thirds of the Afi iean nations have at 
least a third less annual runolT than the 
global civerage. Drought conditions that 
persisteiAly plague the continent's dry 
regions have in recent years threatened 
over 20 nations with famine.^ 

North and vSoutli America and the So- 
, viet Union all appear to have ubtnulant 
water resources for their pop tdat ions, 
ihotigh again great geographic dispari- 
ties exist. Soi^th America appears the 
. most richly endowed continent, yet 60 
percent of it)j runofl flows in the channel 
of the Amazon, remote from most peo- 
ple and a hard so\nxc to tap. North and 
Central America together l\a\e a per 
capita water supply twice the global av- 
erage, bul natural supplies ai e limited in 
broad areas of the west, partis ularly in 
the southwestern United Slates and 
northern Mexico. The Soviet Union*s 
three largest rivers— the Yenisei, ihe 
Lena, and the Ob— all flow north 
through Siberia to the Arctic Seas, far 



from the major population centers. Fi- 
nally, Europe joins jAsia a,s a continent 
with a substantially greater share of the 
world's people than of its fresh water. 
The continent's per capita runoflfis only 
half the global average, and supplies are^ 
especially short in southern and eastern 
Emope. Fortunately, for mtich of the 
continent a generally temperate cHmate 
and a large? number of smaller rivers with 
fairly steady flows allow a comparatively 
large share of the runofl* to be tapped. 

A detailed breakdown of supplies by 
country confirms water's unequal distti- 
bution. (See Table 3-2.) Per capita 
runoir ranges (rom over 100,000 (fubic 
meters in Cahada to leSsS than 1,000 in 
Egypt. Yet even these national figur 
hicU^ important disparitii\s. On a peT 
capit^ basis, Canada is the most water- 
wealthy nation in the world, but two 
thirds of its river flow is northward, 
while 80 percent of its people live within 
200 kilometers of the Canadian-U.S. 
border. Similarly, Indonesia appears to 
be a relatively waiev-rich nation, yet over 
60 percent of the population live on the 
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Mmagtng Fnstnvater Suf>f)ltfs , ^ 

T«bl0 Average Annual Per Capitu Runoff In Selected Countries, 1983, With 

Projections for J000» 
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island of Java, which has less than 10 
percent of the country's runoff. Espe- 
cially for the wa.tei-poor nations of 
f^W^P<^. Africa, and Asia, water flowing 
'"JK* neighboring c<?un tries can be a 
vi^^ddition to the runofr originating 
|withi\ their own borders. (Fhe I'unoff 
lestimates in Table 3-2 are consistent 
ywith a global water balance and thus in- 
dude only runoll' originating within each 



particular ctrtuury.) Inflow accounts for 
roughly 70 percent of Czechoslovakia's 
waie^^supplics, for example, roughly half 
of East and West (;ci niany's, and 90 per- 
cent of Bulgaria's. Egypt, one of the most 
Water-short nation.^ in the world, is almo.st 
entirely dependent on the wjJtcr of the 
Nile that enters the cou'htry from Sudan. ^ 
Given existing climatic conditions and 
current population projections, the per 
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capita global water supply at the end of 
the century will have declined by per- 
cent, while the stable. feliabUv/ compo- 
nent of that water will have dropped 
from 3,000 to 2,280 cubk meters per 
person. Population continues to gxow 
fastest in some of the most water-^hon 
iTgions. Per capita supplies in Kenya 
and Nigeria, for example, will diminish 
by 50 and 42 percent respectively. Sup- 
plies per person in Bangladesh and 
Eg)'pt will diminish by a third, and in 
India by a fourth. Moreover^ if projected 
climatic shifts from the rising concentra- 
tion of atmospheric carbon dioxide ma- 
terialize, water supplies may diminish in 
some areas already chronically water- 
•short, including major gmn•^producing 
regions of north China and the United 
States. 



Competing Uses 

When analysts speak of the "demand * 
for water» they typically refer to water's 
use as a commodity — as a factor of pro- 
duction in agriculture^ industry, or 
household activities. Yet water in rivers; 
lakes, streams, and estuaries also is 
home to countl^J^s fish and plants, acts as 
a 'diluting and purifying solvent, fXixd 
offers a source of aesthetic enjoyment 
and richnea§jhat adds immeasurably to 
the quality of life. No society can draw on 
ail its available supplies and hope to 
maintain the benefits water freely of3||rs 
when left undisturbed. I h^ need to pro- 
tect these nalural function? is thus a criti- 
cal backdrop to considering society's 
pattern of water use, 

Although the practice of irrigation 
dates back several thousand years to 
early Egyptian and Babylonian societies, 
and although water has been tapped to 
*supply homes and sm^ll industries for 
centuries, for most of humanity's history 



water use expanded at a moderate pace. 
(Throughout this chapter, th<; terms 
water use, withdrawal, and demand are 
used interchangeably; water consump- 
tion will be distinguished.) Over this 
century, however, demands have soared^ 
with rapid industrialization and the need 
to feed an expanding world population. 
According to estimates prepared by So- 
viet scientists in the early seventies for 
the U.N. International Hydrological 
Decade (l%5-74), which are among the 
most comprehensive historical <lata 
available, world water use in 1900 was 
400 billion cubic meters, or 242 cubic 
meters per person. By 1940 global usage 
had doubled, while population h^'int 
creased about 40 percent, (See Figure 
3 1,) A rapid rise in 'water demand then 
began at mid-century: By 1970 annual 
per capita withdrawals had climbed to 
over 700 cubic meters, 60 percent 
higher than in 1950. Both agricultural 
and industrial water use increased twice 
as much during these 20 years as ihey 
had over the entire fu st half of the cen- 
tury.^ 

Today* humanity's iuuiual water wlth.- 
dnwals equal about a tenth of the total 
renewable supply and about a quar^r of 
tjie stable supply — that which is typically 
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available ihi oughoul a year. Agriculture 
claims (lie \ioW^ ^harc of world water 
use, accounung for about 70 pcrceut of 
total wiihdrawab. As fertile land became 
more scarce, irrigation enabled farmers 
to. get higher yields from existing lield.s, 
cV^J^entially substituting water for new 
cropland, With a controllable, year- 
round source of water, farnurs also 
found it profitable to invest in fertilizer 
and to plant higher-yielding crop varie- 
ties. Yields of rain-fed rice, for example, 
typically increaScNby 50 percent il the 
elTexts of Hood and drought can be 
eliminated, by 130 percent if controlled 
irrigation and drainage and some fertili- 
zer are introduced, and by 280 percent 
or more if a((van( ed irrigation tech- 
mques, generous amounts of fertilizer, 
pest control, and high-yielcling seeds are 
U-scd7 

Roughly a third of loday'^ harvest 
comes from the 1 7 percent of the world's 
cropland that'is irrigated. Irrigation thus 
grqatly helps meet the challenge of feed- 
ing an ever-grc)wing population. Since 
rOs^O, the irngated area worldwide has 
increased from 94 million to 201 million 
hectares. Dining the sixties, irrigation 
water was brought to an additional G miU 



lion hectares each year; since ll)7(^, an 
additional 5.2 million hectare?^ have 
been added annually. (See I able 3-3.) At 
today^s^averilge rates of water use (s^me 
11,000-12,000 cubic meters per iiri-^ 
gated hectare per year), and a.^suming 
irrigation continues to expand at a 
slightly diminishing rate, an additional 
820 cubic kilometers of water W'ill be 
needed (or nrigation each year by (he 
turn of the century— a 25-30 percent in- 
crease over existing levels.** 

Besides demanding a large share of 
any region's available supplies, irriga- 
tion results in a large volume being 
"^^cousumed" — removed from the local 
water supply through evaporation and 
transpiration. C.iops inVist coitsunie 
some water in order to grow, but, typi- 
cally inuch more water is transported 
and applied to delds than tlie crops in- 
quire. Often less than half the water 
withdrawn' (or irrigation returns to a 
nearby stream or aquif er, where it can be 
used again. In the United States, ibr ex- 
ample, 55 percent of agricultural with- 
drawals are consumed, whi< h in turn ac- 
counts for 81 percent of all the water 
consumed annually nationwide.*-* 

Industry is the .second major water- 
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,U5ing sector of .society, accounting for 
about a quarter of water u.sc worldwide. 
Producing energy from nuclear and fos- 
sil-fueled power plants is by far the larg- 
est single industrial water use. Water is 
the source of steam that drives the tur- 
bogenei^tors, and vast quantities are 
used to cool power plant conciensers. 
Unlike in agriculture, howev^rr, only a 
small fraction of this wpter is consumed. 
Mosl[ existing power plants have "once- 
through* cooling systems that return 
water to its source immediately after it 
passes through the plant. U.S. power 
plants, for example, consume only per- 
cent of their withdrawals. Thus, espe- 
cially when plants are situated next to 
large lakes or rivers, the volume of cool- 
ing water withdrawn is usually of less 
concern than the discharge of heated 
water back to ihe source. U lake or 
stream temperatures get too higli, oxy- 
gen levels may <lrop, threatening lish 
and other aquatic life.*^ 



Producing energy from nuclear 
and fossil-fueled power plants is by 
far the largest single industrial 
water use* 



Excluding energy production, two 
thirds of the remaining industrial with- 
drawals go to just five industries: pri- 
mary metals, chemical products, petro- 
leum refining, pulp and paper 
manufacturing, and food processing. In 
countries with an established industrial 
base and water pollution laws in elfeci, 
withdrawaL)/for these industries are not 
likely to increase. Most pollution control 
techniques involve recycling and reusing 
water, thus reducing an industry's de- 
mand for new supplies^ Industrial use 
has declined, or is expected to decline 
soon, in countries such as Finland, Swe- 
den, and the United States. In fontrast, 



Portugal, the Soviet Vnion, Turkey, and 
several of the Eastern bloc nations are 
projecting a doubling of their industrial 
withdrawals over the century's last quar- 
ter. Increases of no more than 50 per- 
cent are expected in Czechoslovakia, 
France, and Fast and West GermatjiyJ' 
Industry typically accounts for less 
than 10 percent of total withdrawals in 
most Third World countries, compared 
with 60-80 percent in most industrial 
nations (See l able 8-1.) Much of the 
developing "world is just embarking on 
the industrialization path taken by other 
countries four decades ago. Water <le- 
mands for power production, manufac- 
turing, mining, and materials processing 
are thus poised for a rapid increase if 
industries adopt the water-intensive 
technologies that those of the industrial 
world did. Industrial water use in I.atin 
America, for example, is projected to 
jump .H50 percent during ^he century's 
last quarter, compared w^lh nearly 180 
percent for nmnicipal usc% and 70 per- 
cent for irrigation. (See Figure 3-2.f 
Among the targets set for the United Na- 
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Figure 5-2. Water D«mandi In Utin America, 
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Table 5-4. Evtlmtttcil Wat«r U«« In Selected (Countries, Total, Per Capita, and by 
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lions Second Development Decade is an 
8 percent average annual rale of indus- 
trial growth for ihe Third World, 
rhouffh this may prove too ambitioUvS a 
goal» given the debt burden many of 
these countries face, the developing 
world's industrial water use could easily 
double by th? end of the century.** 

Water used by households — for drink- 
ing and cooking, b;^iing, washing 
clothes, and other activities — varies 
greatly with both ihcome levels and the 
way in which wa^er is^uppJied. lawrban 
households with piped water available at 
the touch of a tap, daily use typically 
ranges between 100 and 350 liters per 
person. Households with water-inten- 
sive appliances, such as dishwashers and 
washing machines, and those where 
waier is used to irrigate large lawns and 
gardens can use over 1,000 liters pe»> 
person daily. In ^jiany develbping (joun- 



tries, where water is supplied^ through a 
public hydrant, -daily usage ranges be- 
tw^n 20 and 70 liters ^per person. Areas 
sucn as Kenya, where women may walk 
several kilometers to draw water for 
their families, can record usages close to 
the biological minimum — 2-5 liters per 
person daily,' ^• 

Residential hnd other municipal uses 
of water account for less than a tenth of 
water withdrawals in many nations, and 
only about 7 percent of total withdrawals 
worldwide^ In industrialxoimtries where 
population grow^th is slow and most 
households are already adequately sup- 
plied with water, growth in domestic de- 
mand is slowing and probably will con- 
tinue to do so. In parts of Europe that 
are still converting from community 
wells to individual piped-water systems 
— including Czechoslovakia, Poland, 
Portugal, Romania, and lurkey — de- 



64 



(50) 



Stair oj the World— I9S'i 



mand for drinking water is oxpccied to 
double over the next two decades. I he 
largest increase will probably occur in 
(he Third World, where freih water sup- 
phes are not yet universally available. 
Ihe World Health Organiz^iiiou esti 
mates that as of 1980 only 75 pcicen 
the developing world's urban d>v>Hfers 
and 29 percent of its rural p(^^ation 
were served with drinking water. I he 
United Nations has set a goal o( j)rovid- 
ing safe water to all by 1990, which, al- 
though unlikely to be mei;vill contrib- 
ute to a probable doubling ol I hii d 
World domestic water demands bv the 
end of the century,*^ 

Even given these large increases in 
water withdrawals for irrigation, indus- 
trial, and .domestic needs, total use 
worldwide by the year 2000 is still likely 
to be less than half the st;d)le renewable 
supply. Yet projections by leading hy- 
drologists show that meeting demands 
" inTSlorth Africa and the Middle Fast will 
require vi;;tually all the usable freshwa- 
ter supplies in these regions. Usage in 
southern and eastern Kurope, as well as 
central and southern Asia, will also be 
unconifortably close to the volume of 
supplies these regions can safely and 
reliably tap."^ Moreover, even if supplies 
appear more than adequate, no regionjs 
immune from the consequences of 
management and iibuse that are aire, 
arising and that are bound to worsen H 
competing demands escalate. 



The Conse<^uences of 
Mismanagement 

When a resource begins to show physical 
signs of abuse, economic and ecological 
consequences are usually n(UUai:J)£tinid. 
Water's seeming ubiquity has blindect 
society to the need to manage it sustain- 




ably qind to adapt to the limits of a fixed 
supply. Mounting pressures are cur- 
rently . n^^mlest in pervasive pollution. 

^ tion of groundwater supj)lies, fall- 
ing water tables, and damage to ecologi- 
cal systems. Failure to heed these signs 
of stress, and to place water use on a 
strstamable footing, threaten^ the viabil- 
ity of both the resource base itseK 
and (he econoinic systems that depend 
on it. 

Each liter of polluted water dis- 
charged untreated contaminates many 
additional liters of fresh water in the re- 
ceiving stream. 1 he disposal of synthetic 
chemicals and heavy metals, which pose 
dangers in extremely low concentra- 
tions, is an especially grave threat to the 
quality of w\Uer supplies. Without ad^ 
quate treatment, the growing volume 
an<l toxicity o( wastes could render as 
much a.^ a (burth of the world's reliable 
supply unsafe (or use by the year 2000,'^ 
Many industrial countries now require 
that wastewaters meet specified st^^n- 
daids of quality l)efore they are dis- 
<c barged. Yet in most I bird World coun- 
tries, pollution controls are either 
nonexistent or unable to keep pace with 
urbanization and industrialization. In 
China, for example, only about 2 per'- 
cent of the 28 billion cubic meters 6f 
vastewater discharged each year is 
reated. Already, a third of the water in 
s major rivers is polluted beyond safe 
health levels, and fish and shrimp have 
disappeared from 5 percent. China's 
first large wastewater treatment plant 
began operating in Beijing in the fall of 
1980, but the volume of sewage far out- 
paces the facility's capacity to treat it. 
Wastewater Hows in Beijing have in- 
creased twenty-sevenfold over the last 
thiC^e decades, and volutnes (or the 
country as a whole are projected to triple 
or quadruple by the end of the century. 
Vaclav Sinil, a specialist on China's envi- 
ronment, writes that the country's water 
pollution problem *Vil| ieqaire very 
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heavy and susiained invcsiment — noi lo 
achieve zero di,scharges but merely lo 
bring (he appalling situation widnn rea- 
sonable limits after decades <>( no con- 
trol/-»7 

In virtually all of Lititi America, nui- 
nicipal sewage and industnal effluents 
are discharged into t^e nearest rivers 
and streams witKoiit treatment, rhe 
pulp and pa|j|i and the iron and steel 
industries — ol the region's biggest 
polluters — have been growing twice as 
fast as the economy as a whole. Yei 
cleanup elForis have (ypuallv been post- 
poned becaus#of iheir high cost. Purify- 
ing Colombia's Bogota River, for exam- 
ple — one of (he continent's nios( 
contaminated waterways — would cosi an 
estimated 11.4 billion/a high |)rice for a 
debt-ridden country to pay. linless gov- 
ernmenis begin attacking urban and iiv 
duslrial pollution soqu, however, they 
will inevitably face (he prospect of a 
wa(er supply too polluted for their peo- 
pU jto drink. '8 

A similar situation exists in the Soviet ' 
Union. Indus(rial was(ewa(ers comprise 
10jrercen( of the Volga River s average 
flow a( Volgograd, and (lyec fourtlis of 
(he was(cs are untrea(ed.'A major effoK 
was begun in (he mid seven(iek to 
cleanse (he river, bu( appaiendy en- 
forcemen( has bW n (oo slack (o encour- 
age industries to ins(all the cosdy tech- 
nologies. llndA these condi(ions, (he 
Volga simply cai*io( sustain the exis(ing 
high level of withdrawals ^xfxd also re 
main of acceptable quality. According to 
Thane Gustafsoii, a U.S. speciahst On 
Soviet affairs: '*Footdragging by inclustry 
on polhuion conu«>l will make i( neces- i 
sary to use more water for diluti(fn. All 
these effects add up tqa greater denxand 
for water by the end oPthe century ^ihan* 
the available supplies can satisfy.'* - 
Vast quantities of the earth^s water 
move slowly Underground through the 
pores and fractures of geologic foriua- 
lions called aquifers. Some hold water 



thousands of years old and receive little 
annual replenishment from rainfall. Like 
oil reserves, water in these Tossil aqui- 
fers * is essentially nonrenewable; if 
tapped, it will in time be depleted. Even 
where recharge does oc( ur. groundwa- 
tentis often putnped at rates that exceed 
^^^^cphMushment. causing water tables 
to fall and depleting future water re- 
serves. Such overpiunping — which 
geologists call water ^mining'* — sup- 
|)orts only a fragile and short-term pros- 
perity at best, for eventually the water 
becomes too salty to use, too expensive 
to pump to the surface, or runs out alto- 
gether. 



After several decades of steady 
growth, the totlii irrigated area in 
the High Plains is i^ow declining. 



One fifth of the irrigated cropland in 
the United States is supported by water 
mined from a vast underground reserve 
called the Ogallala aquifer. SVrcMching 
irom southern South Dakota to north- 
west I cxas, t^he aquifer underlies por- 
tions of eight slates and spans an area ^ 
roughly three times as big as the state of 
New York. Natural recharge is >ninimal 
m this semiarid region, and farmersdiave 
plofitably irrigated co|:n, sorghum\aiid 
cotton only by drawing on water stcrf?; 
for thousands of years. Irrigation with 
Ogallala water began to expand rapidly 
in IVxAs'in the forties, and when power- 
ful pttfnping and irrigati(m systehiiJ were 
t introduced it spread northward into 
Oklahoma. Kansas, and Nebraska during 
subsequent decades. By 1978, over eight 
millioYi hectares were under irrigation in 
;rhe sfS^es most heavily dependent on the 
Ogallala, compared with just 2.1 millioi) 
in 1944. (See Figure 3-3,) Over the last 
four deciides, 500 cubic kilometers of 
groundwater have been withdrawn. Hj- 
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drologisis estimate tluu the aquifer is 
now half depleted midei 9O0,0OU hcc-^ 
tares' of Kansa^j. New Mexico, and 
rcxa^.«« 

Kaced rising pumping costs, di- 
minishing well yields, and low conuiiod- 
ity prices, (armors are taking land ont of 
irrigation. After several decades of 
steady growth, the total irrigated area in 
the Higli Plains is now declining. In just 
four years. 1978 to 1982, irrigated hind 
in lexas dropped by 20 percent, in 
Oklahoma by 18 percent, and in New 
Mexico by 9 percent. CoUectively, in 
these and the other three states that 
draw most heavily on the Ogallala 
(Colorado, Kansas* and Nebraska), the 
total area under irrigation declined by 
592,000^ hectares, or 7 percent. In Ne- 
braska, where a snialler portion ot\the 
Ogallala hits been depleted, irrigation is 
still expanding. Yet in 1982, net returns 
from Northern Plains production of corn 
— the dominant irrigated crop in Ne- 
braska — were less than half the national 
average, and it appears that eventually 
farmers there will begin switching crops, 
converting to dryland fanning, or leav- 
ing agriculture altogeth^r,^* 

Kconomists and goveriiVnent leaders 
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Figure 5-3. Irrigated Area in Six States ThM 
Rely Heavily on the Ogall«U Aquifer, 1944-8? 



are concerned about the potential col- 
lapse of a lucrative regional farming 
economy. Fhe U.S. Army Corps of Engi- 
neers has even looked at {he feasibility of 
massive river diversions to supply water 
to farmers now dependent on tlx* dimin- 
ishing Ogallala, Hut few have asked the 
more fundamental question of whether 
it makes sense to deplete this resource at« 
a time when the nation can afford to pre- 
serve it. The U.S, (government is paving 
farmers to idle rain-fed cropland in 
order to lessen a price-depressing sur-^ 
plus of crops; at the same time, it is al- 
lowing the wholesale exhaustion of a 
uiuque water reserve to grow those same 
croj)s, , Moreover, among the conse- 
quences predicted for^niu h of the cen- 
tral and western United States from the 
rising level of atmospheric carbon diox* 
ide is a reduction in the renewable water 
supply and an increase in the frequency 
and severity of droughts.*^ Byexploiting 
the Ogallala today, farmers are foreclos- 
mg options to draw on it in the future 
when it may really be needed to meet 
vital food needs • domestically and 
iVbjfoad, Failure to presei-ve th^ resource 
is shortsightod, and an error luture gen- 
erations will rightfully find hard to for- 
give. 

Many other U,S, aquifers ^re suffering 
from overuse. Among the severest cases 
is one underlying Tucson. Arizona — the 
largest American city completely depen- 
dent on groundwater. Only about 35 
percent of the water withdrawn to supj[^|y 

Tucsoti's residents, farms, and copper 
mines rs replaced each year by recharge,- 
and water tables in ,somc areas have 
fallen over 50 meters. The Santa Cruz 
River is no loiiger sufficiently fed by un- 
derground water to keep it flowing dur- 
ing^ dry spells. Water levels have also 
dropped precipitously around El Paso in 

Texas and CiMdad Juarez In Mexifo from 
the mining of the aquifer they share. In 
portions of the Dallas-Fort Worth met- 
I opolitan area, water tables have fiwlen 
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morcMthan 120 meters over the last 25 
years,** 

lliough rarely as well-documenled as 
^a^es in the Uniced Stales, excessive 
'^ groundwater pumping and subsequent 



Jlowering of the water table appears to be 
increasingly common worldwide. (See 
JahJc 34i*)h^0ver the seventies, wat^^r 
levels dropped 25-30 inetersin areas of 
Tamil Nndu in southern India, a conse- 
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Colorado River B;tsin, 
United States 



High Plains, United Slates 



Northern China 



ramil Nadu, hidia 



Israel Arabian Gulf and 
coastal United States 



Yearly tonsdinption exceeds renewable supply by 5 
percent, creating a water deficit; Colorado River is 
iiKTcasingly salty; water tables have falle;i piTcij>itously 
in areas of Phoenix and Tucson, * 

The Ogallala. a fossil aquifer (hat supplies most of the 
region's irrigation water, is^^iminishing; over a large 
area of the southern plains, die aquifer is already half 
dcpl^sted, 

Cftouml^vnter c>verdral\s are epidemic in northern 
provinces; annual pumping in Beijing exoee\ls tli^ 
sustainable supply by 26 percent; water tables in some 
areasv^re dropping tip to 1-^1 nteiers per year. 

Heavy pumping for irrigation has caused drops in water 
level of 25-30 meters in a decade, ^ 

Intrusion of sea water from heavy pumping of coastal 
aquifers threatens to contaminate drinfcing water 
*^upplies with salt. 



' Mextco^City; Beijing, China; Groundwater pumping has caused compaction of aquifers 
Central Valley, California; and subsidence of land surlaee, damaj^ing buildings, 
Houston-Galveston, Texas streets, pipes, and wells; hundHtrds ofJiomcs in a 

waterfront 'Jf community have been Hooded. 



California. United Slates 



Water fronf^Owens Valley and Mono Basin have been 
v^i, diverted jo supply southern water users; Owens take 
.^^^ has dried up, and Mono Uike's surface area haft shnmk 
by a third. 

Southwestern Soviet Union Liuge river wif^idrawals have induced inflow to the 

Caspian and Aral seas; the Caspian sturgeon fishery is 
threatened; the Aral s fisheries are virtually gone and 
« / »- the sea's volume may be halved by the turn of the 

century. 



source: WorldWatch InstitutCi basnd on various sources. 
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qiiericc of imcontWUed piiinpmgrfor.ii- Excessive demand}! also VAktf a (oil on 
npuon. Ovcrpu,i^»piug Is epitiemic in Likes, estuaiics. and inland seiis that are ' 
Cluna s northerii.Dibvinces. >vheic'!5ome sustaine^d freslwntei inflow from 
10 major cities rely heavily on giound- nearby iivc\and streams. The Aral Sea 
water for theif basSc s.upply. In Beijing. in the soutlieKj Soviet Union is shrink- 
annual grouqclvf^tei withdrawals ex^ml ing because of large withdrawab.lrom its 
the sustain;)ble supply by 25 |ieicxiu. two major' iiibntaries. the Amu Darya j 
and wat^rtabffl's in some parts of the city ami Syr Darya. These t^vo civers help' 
have been dropping over I mete»; each support Soviet central Asia's lucrative 
year. In one ^^^stnct of l ianjin, a major agriailtural econoniy. which includes 
manufaclurinft' and conmicr^tial city. roughly half the nation s.irrigated crop-, 
water tables are falling an astonishing land. I hc population of sevtVal central * . 
4.4 meters anuually.^^ Asian republics has grown by 30 percent 
Uiige Withdrawals of groundwater 'over the last decade, adding to rTifssuies 
njay have ofMv co.stly dfects besides the on the jWailable water suppl>kand to the 
depletion of tin u to suppli<^.s. If water iiupoitance of maintaining a thriving 
pumped fj A^i'^an aquifer susceptible to economy to secure more jobs in (he i c- 
compactidii iii no( replaced by recharge gion. The .Aral's level had remained 
the aqiiife|>.,w,ay compress, lesuhing il* lairly stable between 1900 and I960, but 
subsidejvrt- of the overlying land. Subsi- has .since dropped 9 meters. Fisheries 
deuce in Mexico City has« dapiaged that oiui^ figured prominently in (he le- 
buildiijgs arid streets and disrupted the gional economy have virtually disap- 
sewage is^ptcm. In Qijoa. portions of peared. Although officials are taking 
Beijing have been, sinking 20-30 centi- some meAsures to save portions of the 
meters annually since 1 950. and rates of Aral, they appear resigned to it shrinking 
10 centimeters per year havc-'bifcn mea- further. Some scientists have projected 
«ured inTtanjin. In th<? I loustonCalves- that before the end of the century the sea 
ton ai;ca Of l exa.s., \v|iere water joj els may drqp another 8-10 me(ers and its 
have declined (K) mf.M.ers during the last voluini^ ^tiay,bt' reduced by half"' 
half-century, portions of the l»n^ ^uthcc A similar scenario threatens to unfold 
have sunk over 2 meters- High ti<les in further west. \n the Caspian Sea. The 
the Gulf have flooded residential devel- Volga River is the Ca.spian s main .source - 
opinents <hat. becaU.fc of subsidehce. of inflow, helping to lepleni.sh the large 
are now closer to sea level.«» , quantities <>l water evaporatecl from the 
In coastal aieits. heavy pumpiing may sea each year. QamUaiciijMiUjf hug** 
alter the volume and flow of ground>va- dams on the riveMudngthcfifties and' • 
ter discharging to (he ocean artd thericrby subsequent large irrigation withdrawals *^ 
allow Sea WiVleV to invade the aquifer. dramatically reduced the river s dis- 
Salt-water intliusion threatens to con- charge into the Caspian.' The sea 
taminate (he drinking water supplies of reached i(sJowcs( level in cen(uries in 
many cities and townVs.along (he U S, A('^ l^??. having ^^|)ed more (han 3 me- 
lamic and Gulf c^as(s; i( i.s especially sc4 t6xs over (he^®.eding half-cen(ury 
vere in sevejral Florida ti(ies • Where". I he level has risen somewha( in recen( 
pumping has jililled the wa(^r (able y< ars because of uiuLSually heavy rains" ' 
below sea level. Israel, Syria, and (hc->— 4ui( increa.sed the Volga's flow. Bu( So- 
Arabian Qulf s(a(es are also . ba(|tling viet scienfSsts do no( expect tliis fortui- 
(hreats of s^I(-wa(er intrusion.' Once i( " (ous occurrence (o continue. According 
Occurs, such contamination is diflicult, if to U.Sv geographer Philip Micklin, who 
not impo.ssiblc; to reverse. discussed the situation with scientists 



Mamigxng Fmhioaln Supplies 



during a five-month stay in ih*^ Sqvi<r^ condilion\^^ Tlu)i|gh more acrurjiic! ^ 



^(55) 



Union in 1984. additional diversions for 
irrigation are {Planned for the Volga, and 
th^ CaspiVn's Ifrvel is elfpecied to drop 
lurthei' over the next decade. 1 he sea 
supports bountiful fisheries, including 
90 percent of the world's catch of stur- 
geon. Salmon and migri\lory herring 
spawn in the Volga and feed in the North 
Caspian. Substantial damage to these 
hsheries js. lively to occur if the sea's 
level dechne^Ninuch furiher.^^ 

Shrinking Uilland seas i}rc a dramatic 
consequence of heavy w;ucr withdrawals 
to fneei in igatioo i\nd other water dc- 
mands. But an e<|uaHy grave threat is the 
quiet loss ^f fish and other aquatic Ufc 
from nverji an\l streams whose altered 
flow patterns can no longer susiarn 
them. As long as water withdrawals re- 
main well below a region's average sys- 
tainable supply, streamflows will bV 
sulfitient to safeguard most ecological 
values. Yet where a large share of surface* 
water is diver4ed from its natural chati- 
nels. these benefits may be lost. 

Over the last decade, many nations 
have begun to realize this danger, but 
they are not prepared to avert it. Setting 
mininmm flow Icvqjs to protect wildlife 
requires large quantities of data and the 
. expertise of hydrofbgists. fishery biolo- 
gists, and aquatic ecologists. The quick* 
and inexpensive methodologies are sim- 
ply not accurate enough to be reliable. A 
cpmmon.or^Ca Jbi: exa^npje^ ^sets mini- 
mum flow r^quirc^ments as a fixed per- 
centage (such as 10 percent) of the aver- 
age annuah flow. But this nnikes no 
allowance for the large flow variability 
that typifies many river basins, nor for ^ 
the long-t^rm, cumulative effects on fish 
of low flows for extended periods of 
time. More sophisticated methods usu-' 
jiHy involvea computer model that quan- 
tifies, for each particular species, rhe 
amount of habitat available in a given 
stretch of the stream at each stage of ir« 
life cycle and under varying streamflow 



--.V - v'^"- - «vx.*.^.v, such 
methods artNimc-consuming imd costly, 
requiring much field data and scientific 
expertise' lo interpVet^hem.^^ A paper 
issued in 1984 by the Canadian Inquity 
on -Federal Water Policy acknowledges 
that "in Cantfda. wc are only beginning 
to appreciate *tlu , magnitude of water 
needs for the support of the ecosystem. 
We do not hiive very reliable estimates of 
instream requirements.'*'*^^ 



Farmers in the Indian state of Mad- 
hya Pradesh now ref^r to their once 



fiertile fields as "wet deserts 



^> Among jhe least aflV<l^*bie conse- 
quences or irrational water use is the 
degradation of valuable cropland fipm 
poor irrigation practices. Irrig.^ion 
water is typically brought to crops 
through unlined canals and ditches that 
allow vas^ quantities of water to seep 
down to the water table. Where drainage 
is inadequate, the water level gradually 
rises, eventually entering the crops* root 
zone and waterlogging the soil, hi the 
Indian state of Madhya Pradesh, for ex- 
ample, a large irrigation project that 
originally was expected to increase crop 
production tenfold led to extensive 
waterlogging and, consequently, a re- 
duction in corn iind vyheat yields. Farm- 
ers there now refe?r to their once fertile 
fields as **w<^i deserts.'*^" 

In dry climates, waterlogging may be 
accompanied by saltni7.ation as water 
near (he surface evaporates and knaves 
t)ehind a damaging residue of salt. Ac- 
cording to some estinvate5l, waterlogging 
iind salintzation are sterihzing some I 
mUhon to 1.5 million hectares of fertile 
s6t{ annually. The problem is especially 
severe in India and Pakistan (where an 
estimated 12 million hectares have been 
degraded), the Valley of Mexico, the 



( 5^^ \) ^^^^^ ''^^ 

Hclmilri VallT^n Afglianisian, the Ti- 
gris a nfl^^u tVHniWa^^b^ in.s in Syria and 
Iraq. iIk SalFgjJ^^^ in Clalilor 

nia, the North ftlBiin of China, and Soviet 
central Asia.^^ liVthesc areas, waterlog- 
ging and/or sahn%ation threaten to di- 
minish (he very gains in food production 
that rosily new irrigation projects are ui- 
tended to yield. 



Augmenting DepknDable 

SUPPUKS ^ 

When natural water supplies become 
inadec|uate to nleet a regionVs demands, 
water planneis and engineers liistoii- 
cally have lesponded by building dams 

^ to capture and store lunofT thai would 
otherwise flow through the wate^ cycle 
"unused'* and by diverting riveis to 
redistribute water from areas of lesser to 
greater need. As the denlapd lor water 
has increased,, so have the number and 
scale of these eongineering endeavors to 
augment available supplies. Tens of 
thousands of dams now span the world\s 
l ivers. Collectively, their reservoirs store 
roughly 2.000 cubic kilometers of run- 
ofl, increasing by 17 percent the 12,000 
cubic kilometers of naturally stable 
runoff' derived from groundwater and 
lakesf Most of (his capacity has been 

^added since mid-century, when the pace 
of large dam construction abruptly 
cjuiekened. All but 7 of the 100 large.st 
dairts in the world were completc^d after 
World War 11. »^ 

Many industrial countries are ncAv 
hnding» howeveri that the list of possible 
.dafn sit^s is growing shorter and that the 
cost of adding new storage facilities is 
rising rapidly^ In the United States, for 
example^ reservoir capaeity grew on av-* 
erage 80 pereent per /jecade between 
the twenties and the sixties. As the nar- 



row valley su<\s were giadually ex- 
ploited, any new ca{)acity required 
broader, earth-filled dams. By the six^ 
ties. 36 times more dam material was 
needeci to create a given reservon capac- 
ity than in the twenties. With a corre- 
sponding escalation ui construction 
costs, reservoir development markedly 
, declined.^ • 

In most of Kurope. a favorable clinlaie 
and geogra|)hy for securing water sup- 
|)lies has lessened the need to build large 
storage reservoir^, compared with, for 
example, the western United States. Yet 
to meet tising demands, many European 
nations plan large iiu reascs in reservoir 
capacity over the next decade. (S<*e 
l able 8-6.) A 1981 lepoi t prepared by 
the U.N. Kconomic (commission for 
l.urope (ECli) raises doubts, however^ 
about the ambitioiis plans of several 
countries materializing. Both high cos^ls 
and growing opposition to the flooding 
of farmlands and valleys Ure becommg 
major barriers to dam con>^t ruction. Not- 
>yithsianding government forecasts that 
^^optimistically predict" a doubling or 
tripling in reservoir ctipacity, the KCK 
assessment concludes (hat some coun- 
tries have alic^ady reacht*d the practical 
limits of their reservoir development.^^* 

Lagging the industrial world's big 
dam era by two decades, dam construc- 
tion in the devel3]ping world is now in its 
heyday. Two thirds of tbe.dams over 150 
mcHers high slated for completion this 
decade are in the Third World. De- 
signed mainly for generating hydroelec- 
tric power and suppjying water lor irri- 
gation, large dams and reservoirs oHer^ 
promises of greater energy indepen* 
dence and food self-suiruiency. Their 
lure is uitd'erstandaBle as large-scale so- 
lutions to a set of large development 
dilemrhas. Unfortunately, high costs, 
pc>or planning, and environmental dis- 
rupti6n are le<*ving a legacy of failed ex- 
pectations thai suggest they are^iriot the 
panacea once envisioned. 
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Table Reservoir CApacUy in SeUceed 
Countries^ 1^70, With Projections for 
1990 ^ 



(>oun(ry 



Belgium 
Bulgaria 
(Canada 

(.zcchoslovakia 
Hail Ocnnany 
France 
recto 

Poland 
Portugal 
koniauia 
Sweden 
Soviet Union 
United Knigdoin 
United States 
Wesi Ocrinanv 



lotij^ 
('a|>atitv 

(( uhu 
kilometers) 

0.1 
2-7 
518 0 
3.3 
0.9 
2.0 
8.7 



2(i.O 
5.3 
2.0 
!i7 I 
830.0 
1.5 
070.0 



Pro|<''( ted 
Int rcase in 
U.apaciiv, 
1970-90 

' (perieiU) 

79 
290 

70 
150 

78 

127 
1 19 
710 

J) 
.GO 
-17^ 

15, 



-SOt'RC.K: United Nations Ktoiiomu (.ortimission 
(oi Europe. Lonf^-lrrrn Per\f}r<t\ve^^ Jot Watn I'sr ond 
Supply in (ht t (^l\ f<ff*ion (New York Untied Na- 
lions! U)8l). ^ 

Sri Lanka's Mahaweli Deve!o|)nicnt 
Programme cifl?on\passci> cotisiruetion 
of loin* largo dams acros.s the Maliawcli 
Riwr to help achieve goals of tripling 
the nation's electric generating capacity . 
anil irrigating an additional 1 30.000 hect- 
ares of crophmd. Yet with only two diuns 
completed, the project has already been 
plagued with problems. Capital costs . 
nearly doubled in jn.it lour years, 
severely straining the government's 
finances. Inspections by agencies doiiat-^ 
ing tx) the project^including the AgeV y 
for International I)evelof)ment and <he 
World Bank — uncovered serious design, 
and consiruciion problems^ that in 1982 
led to the conclusion that without tHiajor 
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corrective efforts the irrigation canals 
would not function as planned. Studies 
had warned that unless deforested hilU 
sides wft^e replanted, runoff would >viish 
large amounts of soil downstream, 
threatening a buildup o( sill in reservoirs 
and irrigation canals and a lowering of 
sod fertility^ Yet reforestation did not 
begin until more than a decade after ini- 
tiation of the project, and by the end of 
1982 replantmg had taken place on less 
than 1 percent of the aUa targeted tor it. 
Writei John Madeley notes. ** The homes 
t)f 15,000 people are being flooded by 
the Victoria Oam, and. when they niovir 
into the new resettlement ^one, their 
hopes of making a new living will not 
have been helped by the lack of attention 
to replanting. 

rhe experience Sri l^nka has had with 
the Mahaweli project is by no means 
umc|ue. I hough undertaken w^h good 
intentions of raising 4ood production 
and living standards, large dam schemes 
are often so costly and complex that 
other critical tasks — often essentials tp 
the project s success — are neglected. As 
described earlier, vast areas of valuable^ 
cropland are becomUng waterlogged and 
salt-laden because of excessive seepage 
f rom reservoirs and canals and ^oor 
drainage from fields. Deforestation and 
overgrazing are disrupting water's flow 
through the landscape. Natural forests 
and grasslands absorb runofl^ and allow 
it^ to move slowly through the subsur- 
face. As hillsides are denuded, rainfall 
and soil run rapidly ofl in Hoods, hlltng 
expensive reservoirs with silt and caus- 
ing dry-weather slreamHows to disap- 

Especially in the Third World, manag- 
ing watersheds ^o stabilize runoff is criti- 
cal to reversing a vicious cycle of flood- 
ing. sc>il loss, declining crop production, 
and p<inem^ial drought. In Malaysia, con- 
version of natural forest to rubber and 
palm oil plantations has doubleoWiik 
runoff and cut dry-season llows^in liah. 
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Dcforc5ta(ion on th* smM island ol 
Dominica ha^ contHbuied (o a 50 pcr-^ 
cent reduction in diy-wnuhcr Hows 
there. 1 hough virtually impo.ssiblc lo 
quantHv. i(' may well be (hai deforesta- 
tion — now <\s(miateda( 1 1 .3 nnlhon hect- 
ares per year — is dinlhii^Hiiing the Third 
World's stable ruuort'by j\3^much as ex- 
pensive new dams and reservoirs arc 
augmenting it. UnleSv^the threats posed 
by delorestation, waterlogging, and soil 
saJini/ation are rouniered. huge dam 
schemes may rnd up wastin^j ( a|)iial aiicl 
degrading land while bringing (ew last- 



ing benehts (o (hose they are intended to 
senc.^^* 

As wiih.dams and reservoirs, projecrs 
(o diyen water ^ro^T^)ne river basin to 
another have grown in number and scale 
in r( spouse to rismg demand. Proposals 
to nnpori water (rotn some distant 
sour(^e have been made (or virtually 
every major region laeing a shortage. 
Most were developed during an era of 
cheap energy, relatively (heap capital, 
and when enviionuK ntal values raielv 
eiuered the debate over project costs 
and benefits. 1 he collective history of 



Tabic 3-7. rfirrent Status of Selected Mi^or River Diversion Projects 



Project" 



Chan hang River-Nonh 
C.liin^Main. (Jnna 

Northern European 
Rivers-Caspian Sra 
Basin, Soviet Union 



Distance 
(kilometers) 

IJ5() 
3.500 



Planned 
Annual 
Volume 

(cubu 
kilonieiei s) 



20.0 



Ivstio^au d 
(^ipiial 
Cost 

(billion 

dollars) 



3.1 



Cunent Status 



Decision in 19H3 to 
begin (onstruetion 

Constfxiciion to begin 
198C" 



Siberian Rivers-Gentral 
Asia, Soviet Union 



2,500 25.0 41.0 Preparing engineering 

J designs; decision > 

pending 



Central Ari/.on^^'Pioji't-t, 
United States 

/ 

California State Water 
Project, llnited States 

Midwest Riv(?J"S-^High* 
Plains. United States* 



536 



715 



1.5 



5.2 



3.5 ' Deliveries to Piioenix to 
begin Dec. 1985; to 
* Pucson. 1991. 

3.B* Operating at 60 percent 
of planned capacity 



6()0-J.600 2.0^7,4 5.5-35.0 No action 



* A public heel estimate con.^idercd low by project analysis; cost could easily doui)le. 'Includes only c^sts 
incurred anil projected through 1995; State has yet to develop new propoiials (and cost estimates) to 
siguifieanUy increase the project's capacity over existing levels. *Five^i<lerent diversions were studied. " 
Lower figure of each range is for diversion of Missouri River into western Kansas. tl\jg^l<5»st costly alterna- 
tive; higher figure is for diversion of several south-central rivers into Oklahoma and Texas panlKuidles, 
the most costly ahertiative. ^ ^ 

souuck: WorldWatch Institute, based on various sources. 
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thcso ku Rc diver!>i()n sdu mcs ks marked 
bv long studv iimcs, ponodic abjndon- 
mcni, mullibillion-doUar rosi cstimaics, 
and growing < ont crn ovvi (heir cm ologi- 
/>al elicits. (Sec lable Some ol 

Ihesc projeds will piDhablv never leave 
ihe dravvni}^ boards, 1 h()sc thai do, and 
that are adiialK (Oinpleled, inav l)e 
more a produ( l ol pt)liO(al expediem v 
than an objec live aiialwsis of allc riia(i\ 
ways to ^ehfeve a }^iv(hi end. 



Managing watersheds !o stabilize 
runofT is critical to reversing a vi- 
«;ious cycle of flooding, soil loss, de- 
clining crop prodjuction, and pe- 
rennial drought. 



In (llnna, oHu lals aiicl -S( lenlisis l)C)^an 
m thecarlv liliies to siudv the posMl)ihiv 
ol dnevtinK water Irom the Chan^? Jiang 
(Vangt/e) River Basin in ( (MUi al China to 
the water-poor regions ol the »\ortli.- 
Alter years of King dyrrnant. the pro)e( ( 
was given a boosi in Pebruai y 15)83 when 
the government a[)proved the lirst stage 
ol work \m what is known as the Kast 
Route/I his mainlv involves r*e( opsti uel- 
ing the old (;iand CanaL whic h will oiler 
navigation benehts regardless ol 
whetl^^othxr phases ol the project are 

^^^kSI ' v. planv call 

pjB^^PI^'i>UM'1)()() kiloi^clcrs nor lh^lo 
th<n{uang \h\ the Yellow River , Irom 
which It wonid llow an additional 190 
kilometers bv gravitv into the vicinilv ol 
rianjin. Chinese water planners esti- 
mate that the diver sion will rcqnire sev- 
eral do/en pumping stations with a total 
installed capacity ol about I. ()()() mega- 
watts — ecpial to one vet*y large nirdear 
or coiil plant. I ho system would transfer 
about 1-5 cubic kibmuMers of water in an 
averapfc ycirr, and up to dt)nble that vol- 
ume in a dry year. Most of the water 
would be used to expand or impr ove ir ri- 



(59) 

gallon on ^1.3 nnllion hc( l;ires; the re- 
mainder would enhance l uiujin\s niu- 
iiitrpal and mdusiiial water supplv,/*^^ 

With an esiimated price tag of $5,2 
billion, whuli anahsts say could cmsiIv 
double, Chinese olhcials are iirrclei- 
slandablv proi ceding ca>itiouslv. Bruce 
Stone^ one ol a tjMin cxl expeits siuclymg 
the Chinese^ diversion proposals, nrakes 
-.1 convinc-^g case that iJiefffilcM tiansler 
mav be a^inneccssarilv costly and risky 
wav to I arse gram produciioti from the 
North China Plain. He noles ihat tnosi ol 
the ungated cropland near liaujin now 
yields only LH tons per bee (arc/ while a 
smaller portion vrelds 2,3 tons. I he pro- 
duc tioii increase g.imecl bv (Expanding ir- 
rigation to I averaKc-vieldmg hectare 
could therefore he obtained equally by 
up^i adin^ :\ ot^4 hec tares alreadv under 
u rigation to produce the higher yields. 
Moreover, without better nunagemeni 
and drainage of ir rigated lands, the di- 
vcM tecl water may worsen the salini/atioii 
ol North Plains* farmland. Salini/alion is 
already reducing yields on 2.7 million 
hectares, and afiothet 1.7 million are 
threatened.^* 

OOicials in the Soviet Union have in 
I eeent years revived c entm y-old ideas of 
diverting north-llowing rivers to the 
more populous southern Kuropcan and 
central Asiatr lagions. One project aims 
to transfer w.iter (loni northern luiro- 
pean lakes and rivers lo the Volga drain- 
age basin, the primar y [niTpose being to 
stabilize the level <%l the Caspian ifcii. 
Kven more .imbitious is the proposed di- 
version of Siberian rivers south to the 
c enti al Asi.m republics, where water 
delicits of 100 cubic kilometers are pro- 
jected bv the turn of the c c^rtury. I he 
region s burgeoning population and in- 
tensifving political elout have incrrased 
pressure to hnd some solution t«> its 
f)ending water shortage and unemploy- 
ment pioblcms. Ihane Gustafion ob- 
served in 1980 diat appaiently "the lati- 
tude enjoyed by teclinical specialists to 
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cridcizo or oppose ilic diver,sion pi ojccIjj 
hits become lioslage (o ibc projects' po- 
Juical prioriiv/' Hie greaiesi single ob- 
Itade lo proceeding witb (he diversions,. 
1c noted, w^is "(he tightness ol in\esi- 
mcni capital, wliuh makes a (ull scale 
commitment bv tlie leadeishij) iinhkeh 
in ihe near lerni.'**^ 

In January 1984, .nevei theless^ the 
l^SSR C.onn( il o( Ministers called loi a 
detailed engineeinig design toi ihe en- 
tire 2,r)()0-kil(>ineter loute from tlie Ob* 
Kiver to die Ainn Darva. Constnu tion 
u)nld begin by 1988 il the designs are 
accepted, and water ihai now c^i ains into 
the ArctK may be heading iT) the (ottoif* 
landsvand indnstnes ol central Asia bv 
the end ol the ( entnry. C-ost estimates 
lor the initial iranslei capacity ol *25 
cubic kilometers are $18 billion lor the 
main diveision canal and $23 billion lor 
the facilities lo distribute the water oiu e 
it reaches its destination. Meanwhile, 
some Soviet scientists still maintain 
there <s considerable potential to in- 
cieaso the ctticiencv ol water nse in the 
destination region. According to one es- 
timate, conservation in agricnitiiie and 
industry could save up to hall the initial 
volume o( the pioposed transler. More- 
over, as with ('hinaVs project, the di- 
verted water covdd spicad the already 
severe saUni/ation of irrigated land.**^ 

In the l^Jmted States, no new federal 
water projects have been authorized 
since 197t>, thougli since the turn ol the 
century anlhorization bills have been in- 
troduced into the ILS. ('^ongress about 
every two yeais. More importantly, ac- 
tual lunding for water pixxject consti uc- 
tion (exchidiyg wastewater treatment) 
has declined steadily over the past eight 
years; appropriations in 1 984 were 
about 70 percent less in real terms than 
m 1970.^^ Tight capital and $l}00--billion 
federal deficits are forcing to an end a 
long era of massive water subsidies. His- 
lorh ally, ffw of these projects have re- 
turned sufficient ben©<its to justify their 



Ingh costs. Long before the hrst drops o( 
('entral Arixona Project water wore des- 
tined lor Phoenix and l ucson, for exam- 
ple, economist 1 honias Power of the 
University of Montana stat^^d that not 
only was the projec t s benelit-cost ratio 
less than one, 'it may well only return a 
(ew cents ol each dollar invested in ii/'^^ 

Public opposition IS adding another 
huge hurdle to water project construe 
tion in the United States — in some cases, 
perhaps an insuriiionntable one. Ihe 
Cdiloi Ilia State Water IVoject (SWP) is ^ 
a c ase in poiiu^One ol the most complex 
water sclieines ever designed, SWP is 
now operating at ()() percent of its \ 
planned annual c apacity, ( -apital costs to 
date total about $3.1 billion, and the 
need to lilt much of the water 590 meters 
over the l ehachapi Mountains guaran- 
tees high eiiergv bills: Pumping costs in 
I98.H totaled ewer $100 vnillion/*<^ 

I wo Slic e essive state administrations 
III ( California have failed to win ^ullicient 
support for additional SWP facilities that 
would allow more northeriH waterto be 
transferred to Kos Angeles and the ji^ 
cultural valleys in the south. The voters 
rejected one proposal, called the Periph- 
eral (lanal, in a 1982 rufeiendum. 1 his 
defeat ledected concern about the 
canal's ecological elfects around the Sac- 
ramento-San joacpiin Delta and, more 
fundamentally, about the merits of 
costly water exports versus stronger 
conservaticm elTort.s by southern water 
users. Another proposal, known as the 
"through-delta" plan, died in the Cali- 
fornia assembly in August 1984 when il 
appeared to proponents that another 
public relei endum could not be avoided!^ 
Approval of any plan within the next lew 
years that would sul?5tanpaHy increase 
the volume of water .shipped .south ap- 
pears increa.siiigly doubtfid.^^ 

As the prospects for darns 4Uid diver- 
sions to augment dependable water .sup- 
plies become less promising, the poten- 
tial to store surplus runoff underground 
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is receiving more aueniion. Anificif 
recharging unclerground aquiicrH- 
ilier by spreading wa(ei over land ihat 
allows it to percolate downward or by 
injecting it through a well— is one way to 
both stabilize water tables and increa.'je 
the amount of runoK stored (or later use. 
Underground storage also avoids dam- 
ming a free-flowing river, minimizes 
competition for valuabfc l^md, and pre- 
vents large losses of water through evap- 
oi^tion, which are among the principal 
objections to ;)Urfare reservoirs. 

More than 20 countries now have ac - 
tive projects to artiljcially recharge 
groundwater. Yet mjt^ a few cases has 
the practice been adopted on a large 
scale. Israel transports 300 million cubic 
meters of water from north to south 
every year through its National Water 
Carrier System and stores two thirds of 
it underground. I'he water is used to 
HH'et high summer demands and oHets a 
reliable sDurce of supply dining dry 
years- In the United States, local water 
agenoies in (lalifornia. which have been 
i^rechaiging groundwater sine e th«^twen- 
ties, now place nearly 2.5 billion cubic 
meters in underground basius ea( h year. 
The state*s Department of Water Re- 
sources also began to seriously investi- 



cial potential for Third World countnes 
subjected to the destructive flooding 
and perennial dn* spells of a monsoon 
climate, (lapturing excessive runofl and 
storing it undergrt)und can convert dam- 
aging flood waters into a stable source of 
supply, while avoiding the large evapo,- 
ration losses thai o( cur with surface 
reservoirs, hi India, subsurface storage 
has sparked itileresl as a way of provid- 
ing a reliable source of irrigation water 
(or the productive soils%)f the Oangetic 
Plain. According to some estiiiKiies, a 
fully irrigated Plain could grow crops 
sufhcient for three fourths of hidia's 
|)opulation On the North Plain of 
(3hina. also prone to chronic drought, 
water from nearby surface streams is di- 
verted into an, underground storage area 
with a capacity of 480 million cubic me- 
ters. When fully recharged, the aquifer 
will su[)ply irrigation water for 30.000 
hectares of farmland. vSeveral counties in 
llebei Provinc'e are also artificially re- 
charging aquifers to combat sinking 
water tables. ""'^ 

Many aquifers are also recharge<l 
unintentionally by .seepage from iniga- 
tion canals. In su(h cases, managing 
groundw^ater in conjunction with the 
surface irrigation water can help prevent 



gate groundwater storage as the options waterlogging and salinization and may 



(or damming more surface streain.s be 
came increasingly limited. By 1980. the 
department had 34.5 million cubic me- 
ters .stored in two separate State Water 
Project demonstra-^ton areas. Prelimi- 
nary estimates for seven groundwater 
basins indic^Ue a potential for augment- 
ing the SUHpj^mntnij yield by about 500 
millionVirf>ic meters, at unit costs at least 
35-40 percent lower than the median 
co^t of water from new surXlk^ reser- 
voirs. Also, the U.S. Congrc^Wmcted 
legislation in the fall of 1984 authori/ing 
denionstration projects in 17 western 
stMt\s to recharge aquifers, including the 
diminishing Ogallala.^® ' 

Unrderground storage may' htJd spe- 



allow for an expansion of irrigated area 
without developing additional suiOice 
water sources. Such a strategy has been 
tried in the Indus Valley of Pakistan 
where a bO.OOO-kjlometer network of ca- 
nals sits' atop a vast groundwater reser- 
voir. By the mid-sixties, leakage from the 
canals had tripled i,hc volume of re- 
charge to (he aquifer, and the resulting 
rise in the water table caused extensive 
waterlogging. Following a World Bank; 
sponsored study of the area, the Paki- 
stan (iov^M unlent began to subsidize the 
installation of tubewells to tap the 
vast atnount of water that had collected 
underground over the decades, About 
1 1»000 public wells have been installed 
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unclcr the govcriuncnt program, jncl in- , 
dividudi (iirmcrs Ikivc consmictcd o\€ig%^ 
« 100.000 private wells, which. Umufff^^ 
built to snp|)ly tliem with iiTTf^Aior 
water, also help control waterloggi 
Unfonun;)tely, nuul) of the «j(!ler 
pumped is too saline for use tmless 
nuxed with purer surf*ue water, and 
poor operation and nuuntenan(e liave 
apparenOv nude the publu well?! a bur- 
den to the governinenl. Yet iUv strategy 
of jointly managing groundwater and 
surface water may oflrr suhst;fRu;il he- 
nefu.s where tlie pliysic.il setting is right 
and the lu'cded techuiial and institu- 
tional coordination can be developed. 

Artificial rei hai ge on a small scale has 
helped augment local water supplies for 
decades. Ihe North l)aK(Ma town of 
Minoi, for example, opted for this d\y^ 
proacli wlien faced with cluonic water 
shortages and rapidly declinJng ground- 
water levels. Its Jt'on^plete rei barge svs- 
ic\u cost only I pbrcent as much asibuild- 
ing a pipeline tO (she Missouri River, 
another of the lown'.s supply altema- 
tive.s. Alter six months of^ operation, 
water levels in portions of the acpiifer 
•Jiad risen more than six meters.'^* I)e- 
,^spite a host of similar local-level success 
stories, however, the practice is far from 
realizing its potential. According to jay 
H, Lehr.^Kxecutive Director of the Na-^ 
lional Water Well Association in the 
United States, the efTu iency of storing i 
surplus ruxK>H underground "has been • 
proven the world over. The costs, w^ile j 
by no me^ns negligible, are reasoni<ble| 
in the face of other sound alternatives j 
and a steal when compared to the gran- 
diose water schemes of the mega minds 
of the Army ('orps of Engineers and tbcj 
Bureau of Reclamation."^'^ Soviet scien-f 
tist M.L l/vovich has predicted that '*th 
21st centuty will undoubtedly he^ th 
century of underground reservoirs/ 

Of the less conventional ways to au 
inent a region\s freshwater supplies- 
such as seedirig clouds to induce precipi 



tation. towing icebergs, and desalting 
sea water — desahnation appears to hold 
die greatest near-term potential In- 
deed, whh the (xeans holding 97 per- 
cent of all the water on earth, desalted 
sea water seems to ofler th^ ultimate so- 
lution to a hnuted renewable freshwater 
supply, Sev(;ral tcnhnologies have 
proved effective, but their large energy 
lecjuiiements make them too expensive 
for widespread use. Desalting sea water 
,is ty[>icallv 10 times more cosUy than 
supplvuig water from converuicmal 
sources, and applying the pioc(*ss to 
brackish (slightly salty) water is 2,5 times 
more ( ostly. Total desalination capacity 
worldwide is now 2,7 cubic kilometers 
per year, less than one tenth of 1 percent 
of global water lAe: Sixty percent of the 
world's cap-^city is in the Arabian Pennj- 
sula and han. where surface w^ater is vir-^ 
tually nonexiste^u and even groundwa- 
ter is often too salty to drink. Yet evcw in 
these energy-rich countries, producing 
and transporting the desalted water in- 
land is in some cases prohibitively Ex- 
pensive. Ihough perhaps the ultimate 
source, dej^linatiou is unlikely to deliver 
its promise of a limitless supply of fresh 
water anv time soon,-^'* 



C.onskrVing Watkr 

As affordable options tq augnieni de- 
pendable water supplies diminish, the 
key to feeding the world's growing pop- 
ulation, sustaining economic progress, 
and improving living standards will be 
learning to use existing supplies more 
efficiently. Using less watci' to grow 
grain, make steel, and flush toilets in-^ 
creases the water available for other uses 
as surely as building ^JMu) or diverting 
a river does. The outli Jps\f a strategy to 
curb water demand are cfcar, thougn no 
single blueprint can apply to every re- 
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gion. Ihc (hullciigo is lo (oinbinc ihc 
lechnologics. economic policies, iinvs, 
and instidilions lhal work best in each 
water seating. 

Siiice af{ri( iihni e claims the bulk ol 
most Nations* water budgets anci is bv far 
the largest <ons\nner. saving even a 
sm;\IJ h action ol this water frees a huge 
amc)Oiit to niecM other needs, Raisnig ir- 
rigation efhcKMK les worldwide bv jusC 10 
percent, for example, would save 
enough water (o supply all global resi- 
denhal water vises. Ah discussed previ- 
<^>usly^ vast cju.iiUities of water seep 
through" unlinc'cj <anals while in transit 
to t^ie field, and iiuuh more water is ap- 
plied (o ( rops than is neeessai y for them 
to grow. The rising cost of new irrigation 
projects, the hunted supplies available to 
expand watering m many areas, and tfie 
high cost of pumping are rj)rcing^ K<^>v- 
ernments, international Icniding aget^- 
eic^s, and farmers alike to find ways of 
making agricultural water use more effi- 
cient- 
Most fanners in developing as wc^ll as 
industrial couritiies use giavity-How sys- 
tems to irrigate their fields. I he oldc\st 
method, and generally the Ic^ast expen- 
sive to install, these systems distribute 
water horn a gioundwiUer well or sur- 
face canal through unhned field ditches 
or siphons, '! ypically, only a small por- 
tion re;Kllos the crop's i cx^t zone; a large 
share runs ofl the field Sprinkler sys- 
tcms» which conu^ in many varieties, 
apply water to the fic^ld in a spray. They 
use morg c^nergy (ban gravity systetns 
and reqinre a larger capital investment 
to install, but they have brought irriga- 
tion to rolling and steep lands otherwise 
suited ofdy lor dryland farming. One de- 
sign — the center pivot . system — was 
hugely responsible for the rapid expan- 
sion of irrigation on the U.S. High Plain?? 
in recent decades. ^'^ 

Drip or trickle, irrigation systems, dc*- 
veloped in Israel in the sixtk>t-5Tjpply 
water and feftih/.er directly onto or 



below the soil. An c^xtensive network of 
per(or;|tcMl piping i eleasc\s water close to 
the plants* rc)ots. minimizing evapora- 
tiorf and seepage lossci^s. These costly 
systems thus far have been vised mainly 
for high-value orchard c rops in water- 
short areas. Today dnp irrigation is used 
on alxnit 10 percent of IsraeTs irrigatyl 
land, where crxperiments in the Negev 
Desert have shown peidiectare yield in- 
( ieas(\s of 80 pcMc ent over sprinkler sys- 
tems. Introduced into the t'nited States 
in the early sevcMUies, these systems now 
water nearly 200.000 hectares and are 
slowly being used on row crops too. In 
Bra/iTs drought-plagued northcnist. a 
projcM t sponsoiecj by uhe Intei-Amcni- 
can Development Bank is experimenting 
witly.one design U) irrigate crops where 
farm incomes are low ancl water supplies 
are scare e,*^*^ 

^ — ^ — 

4. 

Raising irrigation efficiencies 
worldwide by just 10 percent would 
save enough water to supply all 
global residential water uses. 



Most irrig^ion experts agree that the 
actual eflic iejiicy of water use obtained in 
the field depc>nds as uuich on the way the 
irrigation system is manageci as on the 
type us^d. AltKough drip irrigation may 
be inherently more efficient by design, 
the wide average range of eHiciency for 
each system — 40-80 percent for gravity 
flow, 75-~85 percent (or a center pivot 
sprinkler, and 60-92 percent for a drip 
system — shows that management is a key 
determinant. Farmers using conven- 
tional gravity-flow systems, for exinnple, 
can cut their water demands by 30 per- 
cent by cafHuring and recycling the 
water that would otherwise run off the 
field. Some U.S. juri.sdictions now re- 
quire these tail water reuse s'^s terns. 
Farmers are also finding, however, that 
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they often make good economic j^ense 
because pumping lailwaiers back to the 
main irrigation ditch generally requires 
4es5 energy than pum|)ing new >vater 
from^e source, especi^HyTroni a deep 
weIK»^ , 

Farmers can abo reduce water with- 
dr^iwals by sclicduhng ihcir irngation ac~ 
cording to actual weather conditions. 
evapOtranspiration rates, soil moisture, 
and their cro|)s' water requirements. Al- 
though tliis may seem like tine tuning, 
careful scheduhng (an cut water needs 
^ by 2(^$0 percent. At the University of 
Nebraska's Fhstitute of Agriculture., an^ 
Natural Resoj^ra."s, a coniptfler program 
called '^IRR^CATK'' uses data gathered 
fro^n small weather stations across the 
state to calcuK^le evapotranspiration 
from the diflTerent ^rops grown in eaci) 
area. Farmers can call a telephone hot- 
line to find out the amount ol water used 
by their crops the preceding week, and 
then adjust their .scheduled irrigation 
date accordingly. The California Depart- 
ment of Walter Resom ces is launching a 
similar management system with a goal 
of saving 740 million cubic meters of 
water annually by the year 2010, I he 
Oepartment is also demonstrating irri- 
gation maniigemenl techniques through 
mobile laboi^ories equipped to evalu- 
ate the efficiencies of all types of irriga- 
tion systems — gravity, sprinkler. af>d 
drip — and to recommend ways that 
farmers can use their .water more elH- 
ciently.^" 

Israel has pioneered the development 
of automated irrigation, in which the 
timing and amount of water a|)plie<l is 
controlled by computer s. The computer 
not only sets the water How, it also de- 
tects leaks, adjusts water application for 
wind speed and soil moisture, and opti- 
mizes fertilizer use. The systems typi- 
cally pay for theinselves within three t6 
five years through water and energy sav- 
ings and higher crop yields. Motorola 
Israel Ltd.. the mmn local marketer of 



automated systems, has begun export- 
ing its product io other countries; by 
1982 over 100 units had been sold in the 
United States, Isniefs ovei*all gains in 
agricultural water use efliciency. 
through widespread adoption of sprin- 
kler and drip systems and optiimnn mali- 
agement practices, have been impres* 
sive: The average volume of water 
a|)|>lied per hectare declined by nearly 
20 percent between 1907 and 1981, al- 
lowing the nation's iirigated area to ex- 
pand by 39 (>ercent while irngation 
water witlidrawals rose by c>nly 13 per- 
cent,*" 

In the Third World, where capital for 
construction ol new projects is iilcreas- 
ingly scarce, better maiiagemeht of ex- 
isting irrigation systems may be the best 
near^term prospect for increasing crop 
production and>^conserving water sup- 
plies. Lining irrigation canals» for exam- 
ple, can help reduce water \|'aste; pre- 
vent waterlogging, and eliminatr^ the 
erosion and weed growth that makes irri- 
gation ditches deteriorate.*^^ Yet canal 
lining is expensive, ^ind other options 
may prove mor^^feost-eflective. Seepage 
from canals is^^not necessarily water 
wasted since ill increases the potential 
groundwater supply. By coordinating 
the use and management of groundwa- 
ter and surface water, a.s in the case of 
the Indus Valley described earlier, the 
total efficiency of water use in an agricul- 
tural region can be increased. 

I'armers also need conu ol of their irri- 
gation water in order to make good use 
of fertilizer and other inputs that in- 
crease crop yields. Concrete turnouts 
that allow farmers to better dictate the 
timing and flow of water to their fields, 
for example, are being built in India, Pa- 
kr'^t^n, and elsiSvhere. At a^^tlot project 
in Kgypt, funded by the U.S, Agency for 
International Developme^u, improved 
management . of irrigation ^systems is 
largely credited with boosting rice yields 
35 percent. WateK savings alone will 
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/ often juslity such invcstmcnls: By some 
estimntcs, beder ii rigAtion managcmeni 
in Pakistan could annually save over 50 
cubic kilomclcrs — four times the storage 
capacity of (he nation s Tarbcla Dam — at 
one fourth the cost of developing new 
water supplies*^" 

Curbing industrial demand for water, 
the second major draw on world sup- 
plies, tackles problems ui two ways: It 
frees a buge volume of fresh water to ^ 
meet other cot^M^^'^^'^R demaiids. and it 
can greatly reduce the volumeu<>f pol- 
luted water discl^ged to local nvers 
and^treams, lii.n^^sfnirveloping coun- 
tries, industry's demand for water is 
gj-owing faster than that of either agri- 
cuflure or municipalities, A slowdown is 
thus essential for sustained economic 
growth tn water-short regions and lor 
battling pollution problems that are last 
' making available supplies unfit, for use/ 

In many industries, much of the water 
used is for cooling and other processes 
that do not reqtiire that it be oCdrinking- 
water quality. A large share of the water 
initially witKdraw^n can thus be recycled 
several fimes before disposing of it. ^ 
Thermal power plants can cut their.tx**^ 
quirements by 98 percent or more by 
using recycled water in cooling towers 
rather than the typical once-lhrpugh 
cooling methods- Palo' Verde, a nucleai' 
* power plant built in the desert outside 
Phoenix, Arizona, for example, is near 
no body of water; it will draw on nearby 
communities* treated wastewater, which 
the plant will reuse 15 tiines. The water 
needs of other industries also vary 
greatly, depending on the degree of re- 
cycling: Manufacturing a ton of steel 
may take as much as 2()0»000 liters or as 
litde as 5.000, and a ton of paper may 
take 350,000 liters or only 60.000. More^ 
over, recycling the materials themjfelves 
can also greatly cut industrial water use 
and wastewater discharges. Manufactur- 
ing a ton of aluminum from scrap rathe^ 
than virgin ore, for instance, can redVice 



the volume of water discharged by 97 
percent.**^ 

For the manufacturing industries that 
use a great deal of water — primary met- 
als, chemicals, food products, pulp and 
paper, and petroleuni — the cost of water 
is rarely more than 3 percent of total 
manufacturing expenses. Incentives to 
use water more efliriently have come ei- 
ther from strict water alloci^tions or 
stringent pollution control i equii e- 
ments. In IsraeL where virtually all avail- 
able fresh wiUer suppliers are being 
tapped, the government has set quotas 
on the amount any industrial plant may 
receu't^ A water-use standard per unit o( 
^ production is established for each indus- 
ixy, iind a particulai plant's allocation is 
then calculated by n^ultiplying the stan- 
dard by the anticipated level of produc- 
tion. As new technologies are devel- 
oped, the standards are made more 
stringeru. (>)nsequenlly. average water 
use per unit value of industrial produc- 
tion has d'eclined in Israel by 70 percent 
over the last two decades. 



Manufacturing a ion of aluminum 
from scrap rather than virgin ore 
can tcduce the volume of Water dis- 
charged by 97 percent. 



In Sweden* industrial water use quin- 
tupled between 1930 and the mid-sixties 
but has since shown a marked decline. 
Strict eijVironmenlal protection require- 
ments for. the pulp and paper industry, 
which accotmts for about 80 percent ol* 
the country's industrial withdrawals, fos- 
tered widespread adoption of recycling 
technologies. Despite more than a dou- 
bling of production between the early 
sixties and late seventies, the industry 
cut its total water use by half— a fourfoldj^ 
increase in *water efficiency. Indeed^ 
largely becaus<? of these savings, Swe- 
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(Irn's loial walcr withdrawals in die mid- 
srvcniics wcic pnly hall {\\c level |)ro- 
jcelcd a decade earlier. 

Pollmioii eonirols spawned hv federal 
and stale laws are also helping to (Uih ' 
inannfai luring w.uei use in inanv areas 
or the United Slates, Surveys of (.alifor- 
inan industries show, for example, that 
total Nvater use in inannf.u lunng d(*- 
(lincd during the seventies (fespite a M 
j)erceru int rease in the numher of* 
plants, Kehoing Sweden's ex|)erien( e. ^ , 
the pulp .uid pa|>er industi v lecl in watei^ 
rechu lions, with a -If) pen ent det line in 
withdrawals between l\)7() and 1979. 
Nationwide, industrial withdrawals have 
not yet turned the ( oi iiei , |)rol)al)lv be- 
( <urse of long dcd.n s in p*rsMng the pollu- 
tion ( ontrol recpureiiients authorized by 
the (Mean Water Aet. Yet declines 
should o( CUT when and wlun e strict stan- 
dards are enfoi c ed,^*^ 

Developing (ountiies are in a prime 
|)osition to take .idvaniage ol these new 
rec ycling let hnologies. Building Nvatei 
elluiencv and pollution (oiilA)! into new 
plants is vastly t hea|)ei than retrofitting 
old ones. Kxperienee in the West shows 
tluu industries will have little incentive 
to adopt these nieasurrs without either 
suUiciently high water and wastewater 
fees or stringent pollution control re- 
c|inrenu iits. Many pi the technoloj^es 
available* are able to lednre water use 
and wastewatei Hows at least 90 |>ercent 
and thus tan (ontribute gieailv to al- 
leviating water .sup|)ly and pollution 
problems in growing industrial arenas. 
A recent studv of an integrated iron 
and steel plant near Sao Paulo in I^razil. 
lor example, showed that the |)liint was 
withdrawing 12.000 cubic nicyer.s of 
water per hour — highly polluted with the 
city'.s sewage" — and that it was discharg- 
ing 22,000 tons of iron oxide and 2,600 
tons of grease annually iiuo the nearby 
Santos estuary. For an estimated $15 
million, or le.s5 I'luu^ $1 per ton o( annual 
production, the planl could install a 
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recirculating water sy.sierti that would 
c ut water use by 9 \ percent and pollu- 
tant disc harges by 9\) percent.*^** 

Household and other iiumicipal water 
demands rarelv account for more than 
15 pertenl ol a nation's w^uer budget, 
and worldwide thev ( hum only about 7 
-pen eiit of tot<il witlidrawals. Vet storing, 
treating, and distributing this" water, as 
well a^ collet ting and treating the result- 
ing wastewatei, is iiicieasnigly costiv, 
Large capital investments are re<|uned. 
making water and wastewater utilities es- 
pecially sensitive to scarce ciif)ital and 
high interest rates. In the United States, 
lo^ examj)le. water and wastewater utili- 
ties Tccjuire-.m average of S8.5 billion in 
new investment each year, (.'capital needs 
lor 1982-90 are expcc ted to total about 
$1,00 billion, and some estimates go 
much higher. ^^"^ Reducing municipal 
water use (an ease thcvse financial bur- 
dens by allowing water and wa,stewater 
utilities to scale down the capacity ol 
new plants, * water mains, and sew'er 
|)ipes and to ( ut the energy and chc^mical 
C(S.sts associated with pumping and treat- 
ing the water. 

Many household fixtures and appli- 
ance's use nine li more water than neces- 
sary to |)erform their varied huictions. 
Mc>st toilets in the Ignited States, lor ex- 
am|)le. use 18-22 liters per flush, while 
water-conserving varieties reconi- 
inended by the Plumbing Manufacturers 
Institute average about KS. A typical 
West Oerman toilet rec^uircs only 9 liters 
per Hush, and a new model that meets 
government standards iiseJ? about 7.5 li- 
ters, just a third as much as conventional 
D.S. models. Showeihcads often spcay 
forth 20 or more liters per minute; water- 
conserving designs can cut this at least in 
hall/ Water-eflieient dishwashers and 
washing machines can reduce water use 
2v^-"30 percent over conventional mod- 
t%s WMth simple conservation measures 
such as these, indoor water use can ea.sily 
be reduced by a third,<^« (See Table 3-8,) 
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Simple ^ohsen^atioti Measure*^ 
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watered lawns with desert landscaping 
l^d to a 24 percent drop \n per. capita 
water use. As a result, the'Txicson util- 
ity s puntping costs were tTdiiced ^ncl 
the drillinf^ of new walei-supply wells 
was deferred. Planpers thus expected 
customer water bills to be lower over the 
long term than they would have beeti 
without the conservation eflforts^^^ 

In VA I*aso, Texas» one of the most wa- 
ter-short cities in tlie United vStatcs, pric- 
ing and education efibrts are also cred- 
ited with a substantial t eduction in water 
tise. Long-term water supply projections 
show conservation meeting about 15-17 
percent of the city's future water needs. ^ 
Besides slowing the rate of depletion 6f 
El Paso's underground water supplies, 
the conservation measures are saving 
water lor an average cost of about $135 
per 1,000 cubic meters^Ml percent Ij^s 
than the average cost of <^xKSting<1vatcr 
Supplies.^' *. ^ 

Many other option^ are available to 
reduce the demand (of fresh water. 
Some 'areas are finding, for example, 
that brackish watt;;r and treated wastewa- 
ter can meet many of their water needs. 

r 
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Consumers installing these devices 
and appliances will almost always save 
money, since they will reduce not only 
water use but the energy used m heating 
water. A typical household in the United 
States, for example, could expect invest- 
ments in common water-savhig fixtiues 
and appliances to pay for themselves 
through lower water,//ewer/and energy 
costs in just a few inonths, 0/ w ithin four 
years at most. Israel, Italy, and the states 
of California, Florida, Michigan, and 
New^ Yor|c now have laws requiring the 
ii\stal)ation of various water-elHcient a^^- 
pliances in new homes, apartments, and 
offices.<^^ ' ,^ \ 

Despite its potential financial l)«nefits 
to consumervS and utilities^ nuinicipal 
eonsei^ation is still typically viewed only 
as a means of combating droughty rarely 
as a long-range waler strategy, Programs 
developed by water-short ^cttmmunities 
to foster lasting reductions in wiiter use, 
however, have yielded fruitful results. In 
Tucson, Arizona, a cx)mbihation of price 
increases and public education eHoiits to • 
encourage installation ^f household wa- 
ter-saving devices and replacemen^^ 
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In Saudi Arabia, brackish water irrigates 
salt-tolerant ciop^s such as sugar belMs, 
barley, cotton, spinach, and d^^ie^palnvs, 
tjtcieby saving the besl-quah'ly water lor 
prinking and other household uses. 
Vieated municipal wastewater is also 
reu«rtLl thrre \o irr/^atc crops and gai- 
den^» ty' recharge aquifers,. and as a sm[)- 
ply for certain industi ics* Power plants 
in Finlan<l, Swcdev), the United King- 
dom, and the Ihiitc^ States are begin- 
ning to use brackish water or saltwater 
lor coolijig.^^ 

In perennially dry South Alijca, water 
policy spetilically calls upon users to 
"make ijsc ol the ,jrnininuim (]uam>ty^l 
"water of the lowest <(cceptab]tf|||BlS^Tg^ 
any process/* Ovei the fl?Xt^<>v'eraT^ 
decades, cities and industries A^ji e'^pro-^ 
jccted to recycle between 00 arid 70 p(;r- 
c^nt of the watei" they wtthdiaw. Kngi- 
neers estimate that th)\ cost "ol ti eating 
raw ,sewafnj|WR a ^(jualiuy suitable Ibi' 
drinkmg is^ery lilcely com|)etitrve wit|| 
-thai of devel|y\ng ttie nl^c surface walbr 
■^scTuice. h^^'IsrStl, 30 4)eic?cJU of munici- 
wl ^vastewj^ter was alrcad^bemg reused 
(n I091» most of it for irrig;uion/ With 
completion o( the Dan Region Was'le^a- 
^ter Reuse Pioject servi^ig the Ixl Aviv 
-if)<ftropblitan area, projections arc tbat 
the^proporticyi \)1 municipal wastew*^uei 
reu^xbvvll! cimd) to 80 p^Mcent by the' 
turn of the> century, ' ^ 



PRibRyriEs" *OR \ New 
Water EconomV 

Much the profligate w.avSte and ijtcTlf- 
ciency in today\s use .ot water results 
froiti ^p<flicies tluH promote ail an- 
tiquateiLpiHuiianj^^ People 
barely pay th<!Ri^Tosiof the water they^ 
use. Economists often vSuggest- pri<;ing^^ 
water at its marginal. cOst--^Hbp^ cost4 0^ 
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supplyihg the next increment from thi* 
best available source. Consumers would 
thus pav tnord' a^i supplies become 
s{ arcer. Market forces would foster con-^ 
scrxation and a reallocation of \Vater, 

' supplies to their highest valued usesTln 

- California, for example, the value added 
|)er ( iibi( kiloiuetei of water is 05 times 
greater hi indiistiy than in agricultui e,^^ 
Increasing competitiort foi water and 
risirtg prices thus dictate a shift in wiUcr 
use ftom farming to manufifcturing. The 
c:octent ^o which a marlcet-driven reallo- 
cation should take place is parlially i\ po- 
litical decision, sHue it would alter a re,-. 
gion\s basic cl^]ra( ter and social fabric; 
but by economic criteria, it is clficieiU. 

In reality. .water is rarely^riced at mar- ^ 
'gm?il cost; charges often bear little reKt- 
tioil to the real cost and quifntity of water 
supplied. * Many ho^^owners in Greats^ 
Uritam, foi instance, are charged for 
.w^Uer aiHoording' to the value of their 
|)l()pei4yyi p^lrctice that dates- to Vict,o- 
rian times. In Indonesia, Malaysia, Sauc(i 
Arabia, South - Africa, Tanzania, most 
East European countnies, and many oth-^ 
CIS, the gov<M iuuent pays all pr most of 
the capiliil Qosts lor major irrigation pro- 
^cxt'!s.""'Kai*mers in the Di^ited States siq> 
plied with irrigation water from federal 
piojects pay, on average, less than a fifth 
of the ie:U cost of su^jjlying it.^/ l axpay- 
ei'^s are buRleued with* the remjiinder, 
ancl farmers use more waten thati ibey 
would if asked to pay its full cost. 

WIk^u water us^eivs supply themselves 
rathei' than relying on a public pjoject^^ ^ 
they jy^pj^ ally pay only the cost- of getting;; 

.the water to their farm, factoly, or hcnTne. 
' But if their withdrawals are difminishwag 
n water soifi ce or l\arm^ng an ecosystrjmf 
they should bear die cosp that their pry , 
vitte a( tions impose on society, i^meri- 
c^\\ lajmers pumping water from the 

J^gallaki aqujfer, |br4exani))leK pay noth- 
ing extra, for {i^ right lo ^earrt th^ir 
profits by depleting an irreplaceabje re- ' 
l<>urce* On the contrary, many gcf a. tax * 
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break by Haijrning ;i depletion !!lU>wancc 
based on the drop in water level beneatli 
their, land that year I he greater the de- 
pletion, , the grraiei' the allowance-T^ 
hardly an incentive to (onserve.^^ A 
more appropriate policy would be t() ta^ 
groundwater pumping in all ar eas \vl\ere 
aquifers are being depleted. That way 
the public gets some ( ^yQipensalioil h>r 
the los.s (tf1T?>0sour(e, anil farmer.vare 
encouraged to rurb'their withdrawals. 

In mu(h of the 1 bird World, where 
the cost per hectare of building new irri- 
gation systems often exceeds per ca|>Ua 
gross national product, pncmg water af 
it^ full cost may nt>t always be feasible. 
Water is often su|^)lied for her or is 
^heavily subsidized because it is.so vital lo 
food product ionT Vet nu>st experts agree 
that the ineflicient operatioji and po\>r 
.•mainie.nartce of irrigation systems is^ 
larjyely due to farmers* prrcepiiops tl>a\ 
they have no responsibiUty for them, ly/- 
ternatiouiTi lending agcncies'ai e ru>w in- 
vesting handsome uu}x\s (o rehabilitate 
irrigation systems that sound operation 
and maintenance could have kepi in 
good working order. Having farmers pay 
some shar^ of water costs gi^'S thetn a 
stake in the system, be^rides WMieiating 
revenue to improve operations'^ . 

A* combined strateg)' of charging 
Third World farmers for some share (>f 
system costs and orgSni/ing them into 
* Vater user associations to cowidinate 
management tasks andkx'^^' *'<^'lt^^^i<>ti <>f 
fees appears a promising way of iniprov- 
ing irrigation management. Arguing for 
more attentitt>n to pricing and w^uer u<>ei^" 
organizatioi\!|9in Thailand, (^cor^niist 
Ruar\gdej Snvai dhana of Ka.lets^irt Ihn- 
versity in Bangkok says t)l|i in>or(Wfbr 
Thai farmers to improve3(peir praetices j 
Vthc feehngvithat the irrigation facilities 
belon)5 to ai)d ar^- usoful to then) is cru- 
^ial/*^®. Charging a' modest price for an 
initial' allotment and K|gher fees for 
water used above this.ai«ount» would en- 
courage farmers to conserve w#>tepiit 



overburdening them. Moreover^ where 
groundwater supplies ' ai e • available, 
farmery may be able to profitably con- 
struct unigation well;»-with minmial pub- 

♦ li( support. In India, over \ /t in^lion pri- 

^ vate lubt^\\;rll.^hacU)een installed by the 
late sevej)^l^:>f5|^c^)y the availabiliCy of 

^jcff^^lit wulii very reasonahle uitere,^ and 
pepJyinent t^^rms. For many farmers on 
the Indo-Oin^getic riain. installation of 

^tUese wells has yi.el/led races of return 
greater than 50 percen't.'^*^ 

•Water Users niust also begin to pay for 
treating the water "they pollute. Ksp^ " 
( iaily in manv areas of the "I'hird World. 
w»atcr bodies cami4t long be expected to 
m provide a source of high-quality drinking 
aii7l iirigabon water a^u/ to dilute the in- 
creasing tonnage of waste dumped into 
them each year. Dilution ♦r^loix* jjniply 
cannot rtH|jntain adequate water qualiCv 
•in a so( icty undergoing rapid indijstrinli- 
/atrt5n 'aqj|J i^rbanization. Industries^ 
should pay the full cost of using water in 
their product'i<^n, which inclyde^ the cost 
of discharging most of it in a form ijuit- 
able for ^euse, ('ontiolling pollution is - 
costly: Funds for protecting quality nowf. 
, account for over half the V.S'. bud||[pt for 

, ^water i*esource development and 
apibunt lo $i5 billion annually.^ Devel- 
oping countries may not have tffc fman- 
cial resource? to smbsidize costly pollu- 
tion controls while at the same time 
continuing to improj^e irrigationjsystems 
and install drinkrng water services. In- 
dustriali/ation should proceed' in tan- 
dem with indusjries- ability to p<iy for' 
controlling th^polKuion they gencMate. 
^Sacrificing water quality for industrial 

^'growth cantiot b^ a winning piopb^ition 
(nnhe long run. 

Existing laws and methods lor allocat- 
ing water supplies*, are often heovily 
biased towar(i thosQ wanting willi- 

t^iw water ahd again?>t those desiring 
at' it remain in place. /rhe ojd Eng4ish 
common law, which required that ^ 
riparian landowper not diminish the 
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quantity oi quulity of wnlcr remaining 
for downstream iijjcrs, inherently pio- 
tcclcd stream ecology and habitats. Yet 
this rule was changed early in the Ameri- 
can exponence to give riparians the right 
to **rc;tsonable use'' of the water, thus 
allowing for alterations in streamllows. 
In the dncr states (xj the American West, 
an appropriative system was adopted 
that is even more biased toward with- 
<lrawals: Water rights . are allocated 
successivelv to those ^vho put water {fy 
'*benefKial use." Establisliing such a use, 
and ihus a water right, ^>ften required -an 
actual diversion from the stream. As 
legab expert James -HufVnian notes, this^ 
was not a problem "until the ciombiira- 
(K)iiof ctianging vahjes and dmiinishing * 
water suppUA brought the issue of in- 
stream flow mamteitance to tlie public 
attention. • ^ " ' 

' A number of ^options exist for "govern- 
ments seeking to preserve an ecol6gical " 
balance ii\ their rivers nnd"^streams. In 
(he-United States, for example, NBontana 
*pi^ssed a law in 1973 that allows govern- , 
mcnt agencies to acquire prospective 
wa'ler rights. Much of the staters water 
has n<A yet been appropriated, so under 
"this legtshition a large share of it can b(^ 
reserved to protect .stream ecology. Bc^- 
cause o|[^these resei^ved rights, much of 
d)e YeUowstohe River will never b<; with- 
drawn for Use. Many rivers ancf steams 
^"in/^hc I'nited Slates, however, are al-^ 
ready fully appropriated during the'diy 
season of tjie 5(ear, "Preserving water 
Equality and fish andiVvildlifc habitat.s thusv 
requires ^soinG fbrjn of regulatioiv that 
limits withdrawals during periods of di- 
minished no\V. One of the most powerful 
tools available, th'oufjh as yc^littlr used, 
is what legal experts call the ' public 
trust * ^ctripe. Oafing^,back to Roman ^ 
tttJJ^^ as.serts that governments hold 
ecTtatn rights in trust lor the publii" and 
can take action to profect them from pri- 
vate rntcrests. Its application has poXen- 
(iajly Sweeping effects since even ekist-. 
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I r< ^ \y a t e t^p e i mi i s or rights could be 
efWed in order to prevent violijtion.of 
%\c publif trust. «^ ( 
^ In a landmark decision lianded down 
in Februar)^ I98?i, the California Su- 
*preme (^ourt declared that the water 
rights of the City of Los Angeles, which 
allow diversions from the Mono I^ike 
Basin, are subject to the public trust doc*- 
irii\e. Mono Lake, a hauntingly beautiful 
water body on* the eastern side of the 
Sierra, has dinnhished in surface area by 
a third, largely because Los Angeles is 
diverting water from i^s major tributar- 
ies. I he lake is also becoming more sa- . 
line, threatening its brine shrimp .popu- 
^lation, which in turn feeds millions of 
local and migratory birds. B^ iijvokinfr 
the public trust doctrine, the CalifbiiiijC 
(k)urt paved the way for a.state \igency 
. or the courts to decide l)iat Los Angeles 
must reduce; its diver:$ions -from the 
Motu) Lake Basin. California law prpfes- 
sor Harrison C. Dunning writes: *'A1- 
though ranulications of rtie ruling 'miiy' 
not be ap1|;>aient for years, there can be 
,no doubt that -it will ratse new-t)bstacles 
for those who woi.Oid diveit Californiiv's 
natund stream flows to fan») and citf use, . 
. . , Frym now on, the state must protect 
what the cou^J cMis *the people's^coin^ 
- inon heritage of streams, hfkes, marsh- 
lands and tidelaqds\"«^ 

Where de~mands are already at the lim- 
its of the availiible supply, regnliitions 
nitt|^.be necessary to put w^ater use on a 
sustainable footing. Strategies geared 
toward balancing the water budget are 
lacking in most areas of falling water ta- 
bles or shrinViii^^ surface ^supplies. De- 
spite pleas by h>jJrolbgists; for exaniple* 
ifo iHodiun sCattis nave pa«ssed laws to reg- 
ulate the iiistalUuion of tubeweUs or to 
limit groundwater wit|ulrawals. In the 
southern \l;ite of Tamil Nadu, authori- , 
ties.are doing littleno curb oVerptjimpit>g 
that in some areas has ckused groundwa- ' 
ter levels to^drop 30, meters in just a 
de<;ad<?. HyUfologist^ note that' the 
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**long-icrni cHecis are probably undcr- 
Hioocl. but unlU the water disappears,. ii 
is hardly likely that anyone is going to do 
anything about the situation.****^ 

At lea,it one exaniple worth ennUaiing 
has emerged ui the Unued i>tates: the 
1980 Arizona CirourHiwaiei Manage- 
ment Act. Facnig a rapidly dwindling 
water supply, t^ie state rs rcquning us 
most overpumped areas to achieve "safe 
yield" by the vear 2025. At this level tw 
more ground w^^ter n withdrawn than: is 
recharged; the resource is thus in bal- 
ance. Achieving this goal >vill by no 
.means be painless. Conservation mea-* 
syrcs will be rc(|uired of all water users 
^md all grouridWalcr withdrawals will be 
taxed. No subdivided land cati he devcl- 
^oped without proof ol an assui^d water 
* supply., l( by the year 200i> it appears 
that c\>nservation alone will not achieve 
' the slate's goal, governii\er\t can 
'U^cgin buying and retiring (armland. 
Shirt*y|in /\riJona\smecon(imy have al- 
K^ijidy 1)egun: Betw<^>n 1978 and I9rf2. 
jj.he ^state's irrigated .area declined 8 per- 
ceiU.^Other wiUer-short regions should 
^recognize that such shihs are bovmd to 
otcur, and tluU they wi(l be less trau- 
matii;;, il, a.^ Arizona »s doing, they are ^ 
e^i^d by ihoughlfuj platming. Many 
government*!;; willbe watching as the real 
test af Arizona's litw begins in the nine- 
ties. 

nally. planners and educators must 
diipel the myth that conservation is^pc- 
jilusivcly a short-term strategy to ^llevi- 
^ aledroaights and other immediate crises. 
Only'ii^ sij|:lv<1^7 nations as South Af rica 
* ll^ an<.l Israel is conservation nurde an inte- 
gral part of planni.ng future water sup- 
plies. In these (^)untries, which are al- 
icady tapping most of their available 
soiirces, continually striving to increase 
tlie efticiency of water use is imperative 
if gr^tKis.t^continue, Uut eveti in na* 
tions^wiih untapped^^ivers ancl aj^iilers, 
-•measuijcs to con,<erve. recycle, ai\d reuse 
fresh v/ater may in many eases make th<^ 
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resource available at a lower cost and 
with less environmental disruption than 
developing these new supplies. Conser- 
vation's potetuial will never be realized 
until it IS ahTily/ed as a viable long-term 
option comparable to drillmg a new well 
or building a new reservoir. 



The Soviet Union's phmned diver- 
sion of Siberian rivers may meet 
dnly one fourth of the deficit ex* 
p^cted in central Asia. ^ 



Stop.t toward this end were taken, in 
tlje United States^ during ihe late .seven , 
ties. In a June 1978 water policy message 
to the nation, "iVesuJeiM Carier resolved 
to make conservation a national priority. 
Ciovernineiu agencies began to make 
kdei al giants amJ loans for water proj- 
ects conditional upon int^lusion of cost- 
effective conservation measures. Numer- 
ous analyses suggested that substantial 
savings would accVyie both tX) the gov- 
emmem ancl to communities and their 
resWents from meimires to ( uri) water 
demand. Unforiunakely, the Reagan ad~ 
mini^j^ipon t<^>k sevVral steps backward 
when irtfemotey the.V conservation re- 
cjuirentc^^ to vQ|unfaVy guidelines and 
disb<ni<]le^lhe VVaier KVsoiirees Coun- 
cil, which had been pushiiTg f(xi, a more 
*ecoMomi( ally efVu ient and environ)nen- 
tally sound water policy. California has 
kiken the lead where the federal govern- . 
ment has filtered: A \9H^ law requires 
every niajjt)r url)an water supplier in the 
state to sitf)miit by the end of 1985 a man- 
agement plan tliat explicitly eviUuates 
eirieiencY "^easure^i a.? an aUernative to 
developing new .Supplies. ' 

Most goj^einments continue 
traditional dam an^l diversion] 
relieve regional water stress 
engineering complexitiirs of 
ects, along with their threati 
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( al (iiMiiplion. mulfibillion-^lt>llar prur 
lags, and 2()-ycar lead unics Icavr HtUo 
hopr ih/U llicy wiH deliver water m lime - 
lo avert projec(ed\shoriage.s — il. indeed, 
drey are (()nrplele<l M all. In (he l luitl 
World, unless deloresiation and erosion 
aie (iirbed and irrigation systems aie 
better nf^anaged and mainiaine<l. large 
|)rojet ts may waste siaue l apital and di- 
minish the 'pioihu tivity of tiopl.md. 
Moreover, even tl^c most grandiose 
sc hemes wdl not l)e nitinrate solutions to 
regional water problems. 1 he Soviet 
Umon\ planned diversion ot (he Sibe- 
rian rivers', lor* exam|)lev may meet only 
one (om th of the delu ii expe( led in ( en 
tial Asia. Water <leliveie(l lo An/on«i 
tlirongli tlte (leiitial Aiyona Fiojeit will 
mak(* np (or only hall ol (he Mate s an * 
nnal ground\va(<*i depletions and (hns 
will not aloiu* balance the water budget. 
Against an ins<iiiable demtUKl, lite best 
any dam or <luer.sion can do is to slow 
tlic depletion ol supplies or dehiv the 
day wiren they fall short, 

Irr an era of growing competition foi' 
limited watcNT sourt es, heightened envi- 
ronmental awarene.s.s. and sdirce and 
( ostly capital, new water strategies are 
needed, (l^irinutng to bank on new 
large water projerts. anci lailing to take 



. stc*p;i toward a water-ellu lent C( orumiy. 
is nsk^: \'ital uuiea.ses'in food produe- 
tion may nevei inatenaliye. industrial ae 
livity may stagnate, and the rationing ol 
drmking-watei supplies, may become 
more commonplace 

Alteniatrves to large dam and dh^^M- 
sion pro)0( ts exist Water i rises netd i\ot ^ 
oi cur. Sc^cnring more-dependable sup- 
plies m ihe Third Worlcl can and shoulif 
( ontiniie. but ii nnry belter be dorrrwiih 
smallcM projects moie amen«ibie to coor- 
dinated land aitxl watei management, 
with incremental developmefit of 
groundwater, ^md espcM iallv with joif^t 
managcMnerrt o( snrLicc and -undef- 
ground' supplies. In ^valer-shoft areas of 
iiulnstiial conntiies, peo|)le • and eco- 
nomic activity mirst begin aclapting to 
water's limiteci availability. |S/ipplies tn 
Soviet central Asia, for exai^le, simply 
(«umot support a booftung pofiulation 
«uid an ex|>anding (artmng economy for 
long. Oasis cittes such as Phoenix atrd 
Los Angeles can no lof^ger expect to 
grow and thrive by draining the wJter 
supplies of other regums. Conservation 
and better management can free a large 
volume ot wateiv—and capital — for com- 
peting rises. rhiiK far, we have seen only 
hint\ of their poterrtiaf 
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Maintaining . 
World Fisheries^ 

Lcslci R. Bnavii ^ 



Vhc world's (ishcM ics dl^ipy m\ impor- 
tant ruche in the global ecosystem, the 
world economy, and the human diet. 
1 hetr annual han est — 71 million tons in 
U)83-nrcxceedi; world beef j)roductic>n 
by a .substantutl margin. Yielding afi av-^ 
crage of l(> kilogratus per capita live 
weight for a world population of 1.7() 
billion, hsheries supply 23 percent of all 
annual protein cofisumed. More in^por- 
tantly. in many low-incon^e countries, as 
well as in a few industrial ones, fish are 
the principal source of anintal protein.^ 
Mirllions iof people make their living 
from supplying fish: T wo millio^i Latn^ 
Americans^ for example, earn a living 
this way. And oi\ the denselv po|)nlated 
island of Java, which is heavily depen- 
dent bn li^e cotth from tl>e surrounding 
waters. 1.8 tmllion JavaiRse (isli hill- 
time, rhc World Bank estimates^that 12 
niiUionr workers worldwide supj)ori 
themselves by fishing or fish farming. 
V miHion?^ more are involved in the trajns- 
^ ,porlalion. processing, and m^iiketing of / 
-their catches.* ^ 

U ivS no surprise, llien, that the col- 
^ lapsej>f.the Souihcasi Pacific anchovy 
' , - fijih<?f7 ^ early seventies, due ip 
• / overfii(hing andx>ceaivvanihd^ 
\ the atH;T)tion of many^hq h<?^s?umed 



jhat humanity would ultimately turn to 
the oceans ft)r fcMid. I his widely publi- 
ci/ed case*Tit)tv" appears to have been jus(^ 
the most extreme example of a worlds 
\Vid(; pattern: As recently as a generation 
ago overlishinji; was the exception. Now 
m some regions it seems to be the rule. 



GlX:>BAL SUPPI Y AND 

Dkmand 

Between H)50 and^l97(), the world 
lish catch increased from 21 nnflion to 
()() tnillion metric tons, more than trip- 
^^^'<> decades. (,See 1 able 4- 1 .) 
/w unprecedented expansion in world 
population combined with an equally 
unprecedented rise in per capita ^in- 
comes boo4b:d demand for aninml pro- 
iein. On the supply side, advances in 
fishtng teolmology at>d the availability of. 
cheap ,oil4rcl to the development o^dis- 
(ant-whier fishing fleets that vHterally 
scoured the oceans in \c\\t<:\\ of edible 
sea life. ' ^ 

Din-itig die tifXi'es^and sixties this tx^ 
traordinary gro\^ih m tfl^r cateH let! to a 
fpeling that the oceans contained infinite 
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supplies offish. riojcciu>Ms made al ihts 
iiinc commonly itulicaiccl iIh' (^^(H 
Avould cvemuiilly rca( h 200-400 million 
U)ivs annually. In (juanUty icrnvs. ihc |KM 
capita harvest wtpni from jusi over 8 kilo- 
grams* in 1950 lo neaulv 18 kilogt anis in 
1070, a doubling iha.COonn i^Kcd [(^ ini 
piovemenis in jiuman nunilioii in niany 
( ounli ICS, 

By (he revenues, howev^M . there were 
signs of t)vei hslung: Afier iiicieasinfi a( 
nearly J5 perc ent per v<mi ln)m 1^)50 tt) 

Tabic 4-1. World Fish IVotlut tion, Total 
and Per Capita, 1950-83 

Kish ProdiK 
Vrodiu- lion Per 
Year Population lion* (^ipita 

(bilh()n) (metric tons) (tilogianu) 
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1970, growth in the annual world Tish 
(atdi slo\v(*d to k\^s than 1 px^rceni. And 
in per c apita terms, the growth of nearly 
I percent pei veai during the fifties apd 
sixties hecaute a de< line ol almost I per- 
cent yearh 6ftei 1970. 

Most of the lisli caught are used di- 
ie< tly (or luiuian (l)iisuinpii()n. Bui pail 
ol the catch — largely ihe in((Mioi spec ies 
or waste from the processing of table- 

/ g^ade fvsh^ — ^is led to hogs and chieken,s, 
l)es|)ite the leveling off in the world hsh 
catch, the amount used for hsh nleal. for 
lertilizei, and as a source ol hsli oil has- 
changed htth* over the last decade, re- 
luainiiig fairlv steady at 120 million tons» 
cU>se (o lU) percent ol the World catch."* 
In some countries, suc h as Japati and 
I hailancL non-table hsh are commonly 
(ed tt) higher value hsh produced by hsIi 
farmers. Ihe relative contributicm of 
" oc eanic f ishing versus hsh fat ming is 
slowly clianrt»g, as growth in ihc oce- 

' a!>ic catch siml's and that of aquacultui e 
steadily expancJs. As of the mid-eighlics^ 

- hsh farniin)^; accc^unts (c>r roughly 9 mil- 
hon ol tit'e 7r)-niillion-t<)n global harvest 
— nearly one eighth of the total. A gixn^- 
mg emphasis on ijns approach is evident 
in the lending of international aid agen- 
cies sue li a,s the* World Bank and the Ij.N. 
Food and Agriculture Organi/vrtioix 
(TAO). Assistance that previously con- 
centrated on investments in better boats 
' and improved ports and processing 
facilities sln(ted^)ward fish farming dur- 
ing the seventies, as it became clear thai 
there wercr a limited number of (ishcries 
in whic h inyestnient in additional capac- 
ity would be profitable,'* 

The* oceanic fish catch is composed of 
an indesc ribable diversity of aqtiatic or- 
ganisn>s: The FAO reports tl>at more 

• than 100 species of linfish, ^crustaceans, 
and shellfish «^t*t' harvested on a conuner- 
cMd scale. Of this long list, some 22 spe- 
cies commonly yield 100,000 tons or 
'more per year, and jiist 5 — ^henings, 
cods, jacks; redfislies, and mackerels, 
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r pius the associaced relatives of (hese spe- 
cies-^arcount (or more than 10 inilHon 
com. well over hi^l the annual tatrh 
(See Table 4-2.) 

I he most prolilir of these are the her- 
rings (in the North Atlantii), sardroes. 



Table 4^2. World Fish Catch By Species 
1980 



i>pcne5 



Qtiantity 

(thousand' 
metric tons) 

J 0,720 
r),2-l7 



Herrings, sardines, 

anchovie-s. etc 
Cod5. hak^s, hiiddocks. c(( 
Jacks. mull#s. siuuies. ett. 
Redfishes, basses. 

congers, eu. 
Mackerels, ^snoeks. 

ciulii<<5fi5hes, etc 
I'linas, bonitos, billfi.shes. etc. 
Shrimps, prawns, etc. 
Squids, cuttlefishes, oc topuses, 
etc.. 

Clams, cockles, arkshells, etc 
Flounders, halibuts, soles, etc. 
Oysters 

Sea-spiders, crabs, etc , 
Shiids, milkhshes, etc 
Salmons, trotits. smt*lts. etc, 
CArp3, barbels, and other 

cyrinids 
Mussels • 

Sharks, rays, chimaeras, etc, 
Krill, planktonic 

crustaceans, etc. 
rilapias-and other cichlids 
Scallops, pectens, etc. 
Freshwater mollusks 
Lobsters, spiny-rock 

lobsters, etc. 
All other 

Total 

Soulier.: Uniud Nations Foocl aijd A^f iatlturli^ Or. 
ganiiation. yearbook of hsfiny Statuha (Rome: 
I "8 1). 



2.490 
1.68 J 

: i.r)72 

1,177 
1.084 
973 
848 
• 818 
770 

614 

583 
425 

367 
364 
2<)7 
108 

13.676 



72.19 



anchovies, and pilchards, which >icldcd 
a havA-esc ofovcr 16 niilhon (ons in 1980, 
mucff of which i.s consumed indii eccly in 
the lonn of pork iind pouhrv produced 
with lish niral. Hcrrmgs not a highl 
value Cable hsh. although they arc con- 
sinned directly in both industrial and de- 
veloping countries. .Second on the hst is 
the (od lannly. with a catdi of nearly 1 1 
million tons in 1980 Included in (his 
group are the heavily lished Atlantic cod 
(he haddock, and the Alaska pollack, a 
lish that has soared in ini[>ortance over 
die past detade. * 

The place ol lish in (he human diet 
v;pies widely around the world. Per 
ca|)ita hsh consumption in the .Soviet 
I'uion. for example, is roughly twice a^ 
high as ill the United .States. Faced witI^ 
difficult y in expanding lives(ock on(pu( 
din ing (he lihies and sixdes. (he .Soviets 
decided i( would be easier (o sa(isfy (heir 
animal pro(eiii needs by inve.s(iiig heav- 
ily ni.dis(aii(-wa(er fisheries. As a result 
J^were a( tht: lorefron( of launching 
l^P^rocessiiig fac(ory ship.s. which pei - 
mi((ed (heir fleet (o range (o the world s 
far < orners in search of pr,o(ein, profi(s, 
and foreign exchange,'' 

In some indus(nal coundies, such as 
Japan and Norway, fish figure pronii- 
nendy in (he diet I Jie Japanese, with a 
per capita seafood con.sumptiou of 20(f 
poun<ls per year, consume far nioicUish 
than they do red meat or poultry. Given 
(he nation's low ratio of land to people, 
(he goveinmeiK decided long ago (ha( i( 
would use its scarce land resources to 
pl>)duce its starchy staplcs-i/co-^and 
would obtain as much of its aninia|A)ro. 
(ein fioni (he ocean a.'s possiblcN ThUW 
coinbine<l with a strcwig cultural prelei'- 
ence Ihi seafood over rejcl meat, led to 
the evohuion of )lie laplui/.sc fisli^nd ' 
rice" diei.8 ^ " ^ ■ ^ 

, , Althougk]per capita fish consumption 
in I hird World countne.s is lower on av- 
erage than in ihc indusfrial world, it i.s 
YU)nethele,ss a key protein .source in the 
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dici of coastal peoples- A scrap ol dried 
IP a rice disli can oUen mean (he 
difference beiween a nuiriiioually ade- 
quate diet and^one senously delu umU m 
protein. Thus ihe worldwide decline \i\ 
die per capua lish liarvrsi does nol 
au}fur well loi iuiurc^ nnimioual un- 
piovenuMiis ni developing (OinKi ies. 



A scrap of dried fish in a rice <li.sh 
can often mean the difference he- 
tween a nutritionally adequate diet 
and one seriously deficient in pro- 
tein. 



The coniposilion ol nalional sealooc| 
consntnpnon panerns .dso varies widely, 
lor exanr|)le. m die Uniied Stales luiia 
o(Yiipies a prommcnl posiiion in overall 
seafo^)d consnniplion: Wilh luna sand- 
wiches and salads a conitnoti larc. U.S 
consumption accounts lor more than 
one tKud of the world tuna catch. To the 
extent that luna slocks are stressed, this 
IS laigely the responsibility ol Anierit an 
consumers; conversely, the (oriunes ot 
the world's luna hshmg (leeis rest on the 
.American appetite lor this lish. Kuro- 
pean appetites are in some ways similar 
to ihosl^ m North Amenca but (here are 
also some notable diflerences. Merlin^, 
lor cxamph?rTS~n favored seafood item, 
particularly m the Scandinavian eoun- 
^ 'tries iind in West (ierrnaiw. Japan and 
the counties along the Mediterranean's 
northern shore— Spain. Portugal, and 
Iialy — (onsume^'most of the million and 
a balf tons o( squid caught yearly. In fact, 
)i\sl as Ameiieans consume over one 
third of^the world tuna catch, the Japa- 
nese consume nearly half that of squid.^ 
(;eogr*iphic patterns ol marine pro- 
tein consiraiption have shifted over the 
last three d^Cifdes as transportation sys« 
terns have expanded and processing 
iechniq\ies have advanced. A generation 
ago ipland regions of 'Third AVorldcotm- 
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tries consumed little lish, but with im- 
provements in preserving and transport- 
ing, this is slowly changing. At that time, 
vei v little ol the catch was fro/en; today 
(lose t6 one lilth is marketed in this 
lorm. Meanwhile the drying offish, the 
traditional nu-thod of presei^vation in 
t hird World (oiuitries. has declined as 
iransportation advances have eneeovelv 
shortened the distance honi catcher to 
eonsumer." 

Biological constraints on supplies, 
mismanagement ol hsheries, invest- 
' ments m lisli farming, and changing 
tastes all interact to reshape seafood 
(onsumption ])atterns over time. Ihe 
relative iinpoitaiue these tnlUiences are 
likely to have in the y<\us ahead is dis- 
cussed in the remainder o( this chapter. 



- The Extent of 
Overfishing 

An FAO assessment of the status of the 
19 principal fisheries that account for 
ni(P(of the catch in the Noythwest Atlan- 
tic gives ai^ idea of the tontemporai7 
^ press^uies on this resource base, Ihe 
stoc ks of 4 have been depleted, and 9 
others are described^ **fully ex- 
ploited, " In FAO ternunc)l^gy. this often 
means tliat'they are heavily ovct fished — 
that their yielcl has Ueen reduced well 
below their biologic^r maximum, but 
that the stc^cks have'nqt yet been fully 
depleted.** 

rha silver hake, for example, has a po- 
tential yield of 250,000 terns but the 
catch in 1905 totaled 3B3»O00 tons.jnore 
than half again its estimated sustainable 
yield. By the early seventies fl dropped 
to 270.000 tons and ip 1981 just 62.000 
tons were caughi» scarcely 4 quarter its 
estiinated potential. Assunung this de- 
cline is due to stock depletion, it is easy 
to calculate overfishing's reduction of 
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the caich. or the G othci pniuip.il 
Northwest Atlantic fisheries. 3 — uuUicJ- 
ing squid — i\rv behevcci to be oiih' mod- 
eriitely exph)Ued and (he status of 3 oth- 
ers \$ hsted a.s unknowrl because then 
biologual f)oleniMl has not been del( i- 
nnned. Theie has not h<^^\\ enough in- 
formation gathered on the ( rah and dam 
population ofMhe Northwest Atlaruu, 
tor uistance, to establlMi biological fx)- 
tential and hence to deternune whetliei 
overhai"vestiug ha.s occurred.*^ 

There are a few spec les that ai e over- 

. exploited m some regions while sc are eh 
touched in others. For insftiiue. the 
eephalopod fisheries (cxtopu.^. s(|uicb 
andcutilehshto therast centK^l Atlantic 
have been he^Jy haivested All three 
arc overexploit^. After several annual 
harvest-s of well over 1 ()().()()() tons of oc - 

. lopu8, the catch in I9H() fell to 18,000 
tons. Similarly, oven 30,000 tons of 
scjuid were caXight eac h year cluiiiig the 
seventies; the harvest iii 1980 was only 
11.000 tons, well below the estimated 
[)Otential of 40,000 tons.* ^ 

Tiv the early eiglitie^s 1 1 niajoi (x c\ini( 
fiisheries — 6 in the AtlantK and r> in the 
Pacific — had been depleted to the point 
of collapse- Ihev range from the 
Peruvian anchovy, which had an es- 
timated poiendai of 9 million tons, to 
the Alaska king ciab, with a possible 
yield of nc^arlv 100,000 t^ons. 1 his nns- 
management is an exfiensivc* error. For 

, example, the North Atlantic cod fishery, 
which could yield up to 1.35-. I. ?!> mil- 
lion tons, ha.s netted less tIAn OOO.OOO 
tons in recent years. Similai calculations 
for other li.shenes providc;-a startling 
overall pietm e of some I 1 niiHion t<,)nt 
of potential catch lost each year bec ause 
of fushery mismanifgenienl. (See Table 

Although the Atlantic cod fishei y now 
appears to be slowly recovering, the 
Peruvian anchovy fishery is not. The 
shifts, in the current off Peru's coast can 
directly and dramatically ^tflect this 
fishery, yet it seems clear ihal overfishing 
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fiou) the nnd-sixties thipygh the early 
seventies doomtxl it to collapse even 
without any change in the current. (See 
Figure IF) During seven of the eight 
years from I9(>4 through 1971 the an- 
( hovy harvest ex( eedc^d O f) million tons, 
the level identified by a team of. FAO 
lisheiN biologists a.s the maximum sus- 
taiiial)le yield of the lishery. I he subse- 
c|ue!U plummet to around I million tons, 
and then t(? just FT) inillion. nuikes it 
cjiiestionable that these stocks will evei 
I ec ovei to the k vc^l of two cle( ades ago. 

As early as \\}73 C P UivIF a leading 
fishery biologist, observed 'Mhere is 
some reason to fear that the worhFs 
gr eatest stock of fish may have l)een ir- 
reversibly dainage<l."*^ Marine biologist 
David Fluharty believes a (atcli of 9.5 
inillioii tons is too high even for the 
fishei y\s good years. When the current is 
normal. Ai)d he suggests that the a^i- 
chovy cpiota must be adjusted on a year- 
to year basis accorchng to conditions if it.s 
yield is to be maximized over the \ong 
teri^n.''^ 

Fhe colkipse of this anchovy fishery, 
oiu e the world's largest, has been costly. 
Peru lost two export conunodities — the 
fish meal and the guano from sea birds 
that depend on- anchovy — that once 
doininated its foreign-exchange earn- 
ings. When this fishery was at its peak, in 
1970, exports Of its products earned 
Peru $,^40 million, roughly a third o( its 
foreign ex(/<iange. The disappearance of 
this vilally needed source of hard cm- 
lency contributed to the growth of 
Peru's. external debt; in the mid-eighties 
over 40 f)erccnt of the nation\s exports 
are recjuired merely to service its out- 
standitig loans. And the world has lost a 
major protein supplement, once used in * 
the rations Of hogs and poultry."^ . 

l o thc^ horth, the developments in the 
Alaskan king clab lishery have closely 
paralleled those of the anchovy. Found 
principally in the seasoff Alaska and the 
nearby A4eutian Islands; the king ciivG 
became an iiUernatioi)al delicacy iti re- 
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cent decades. Ciommcrcial dabbing in 
the region by (he Japanese got under 
way in 1930, bue ii was disrupted by 
World War II and did not resume on a 
meaningful scale until the bftics. I be 
?unenties witnessed rapid growtli in (be 
harvest of this species Landings ol this 
widely .sought after seafood [>eaked ui 
J980 at 86.000 tons. By 19«4 the catch 
had lallen iO|7,000 (ons. Iess.(han a (entli 



iU^ earlier level. Surveys showed |i pre- 
cipitous drop in (he number of fertile 
females: One analysis in hue 1982 es- 
(nnated (hat only 27 percent of the 
females had egg clutches. Shocked by 
these hndmgs, the Ala|ji(;an Department 
oV- [Ysh and (;an\e deMared an emer- 
gen(v closure of (he fishery. The unan- 
ticipated collapse' o( (he Alaskan king 
crab populaUon st^uded fishers and 



Table 4-3. Ocejinic Fij^hirics That Havf Been Depleted 



Loss Fn)iu 



Rcgi 



Norihwrsi 
/\l^laiiU( 



Noriheast 
Atlantic 



.S()Ulhe;l^( 
Ailaniu 

Norlhwt si 



Spec ICS 



AiLintu 

Haddock 
(itipelm 
Ailaiiiu . 
I let ring 

AilaiUic 
Hen mfj^ 



PiUhaid 



Sahnon 



Mam l-ishiiig (louiilius 



O.iii.ul.i. Kiaiur. (riccnlaud. 
^paiii. I'liiud Slalcs. SovKM 
lUiion 

Canada, ruurd Slales * 
Canada. SovkM Union 
C'aiiiida. United Slalc-s 



Denmark, hnland. I*.. 

Ciennanv. I\>laiul. Swedrn. 
Sovicl Unit)ri 

So/icM I'liioii. South Atiua 



Ja||an. SovicM Union 



Nvrtlu^ist PiUilu flalibut Canada. United Stales 

Pacific Otean Caiiac)!, |apan 
Perth 

King Caab^ Uinted States 



Southeast 
Pacific 



An( hovet. 



Peru 



Total ShortTall Due to Stock DeplefioiK 
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^tstiiiiiMcd potential bv FAO for <(fidiiirtJM prcvailinft' during du- sixties. 

,sot'Rt:r.: United Nations Food iind A^uulturc Organi/alioii, "Rfvirw «( the State of World l-'idu-rv 
Rexourcei." Rome, |ulv 1983. / . . 
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lishefy managers alike and iatsc<l ques- 
tions aboui whcdicr (lie species will ever 
rceovei,*'* 

In (he Western Indian ()(ear\, sevei al 
species ol lisli are under pressure Ironi 
India and Pakistan. I lic expc)r(*()rien(ed 
shrimp induslnes in bolh l OuiKnes are 
s(ressing shrimp sdxks in (he vicitiKv ol 
(he Persian Ciull and (lie Arahian Sea; 
Arab eouiunes repurl lalelies down 
sharply from (he peak a decade ago. 
Human ae(ivi(ies. iiK huiiiig (he destiiu-j 
tion c)f nui serv areas by land rei [aina(ion 
and coastal polKiiion and ivvei lishmg, ' 
appc*ar (o be responsible.^^ 
, Such ra((ors mav be aHec(iiig shad in 
India, where (he ( at( h of (he (leshwalei 
spawning lish de( lined bv more (lum (wo 
thirds in (hrec years — Irom ^iS.OOO ions 
in 1978 to 11.000 (onsni 1081. 1 his par- 
allels an earlier cleeline in (he V.S. shad 
ea(eh. Although on opposi(e sides of (he 
globed (hc» same (actors appear (o he re- 
■sponsibU:^ — namely s(i eani polhuion, 
heavy fishing, and (pii(e possibly rising 
aeidi(y in fiesliw.-Uei rivers as a result of 
expanding fossil luel ( ()inbus(ion.^^ 

AltliDugh overfishing has become 
'Q)mmonplace, i( is not al>vays for the 
same reason. In. some iiis(aii( (*s i( fuis 
resuhed (rom a lack of da(a on s(()cks, 

MilhOn 
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re|)ii'oduc(ive rates, and o(her fac(ors 
needed (o manage stocks intelligently. 
In o(her cases, the dcfici^^ncy has 
stemmed from an inability (o interpret 
available da(a correctly. Before (he ex- 
(elision of oflshore limits to 200 r^iiles, 
(here w«is o((eii no .na(ioiial or odier an- 
(liori(v responsible lor limidng the ca(ch 
and es(al)hshing cjucxas (or {\\c na(ional 
flce(s working a fislien* Once (ollec(ive 
demand excc^edc^f (he sustainable yield, 
(he Mrageclv of the coniinoiiV' of(en lol- 
loped- In still o(her si(iia(ioiis, overfish- 
ing has iesullc*d from die inability or (he 
unwilliuf^ness of^ (he responsible au- 
(hoiilies (o enforce cjuoias. 



Ov^the last 10 years even newly 
developed fisheries in the more 
southern latitudes have quickly 
been fisht^d to the point of c^$ip$e. 



. ' io7(» !<)«() \my 

Figure 4-1. Peruvian Anchovy Catch, 1960^85 



VVha(ever (lir cause, (he |)ast two 
detadcs have been market! by (he col- 
lapse of one fishery a((ei another. Al- 
(hough (liese collapses "were initially 
confined (o (Jie Norih Athtrnic. (hey soon 
sjiread to the North PacUic as well. Ov^v 
(he last 10 years even newly developed 
fislieries in the more >sou(herw laliiudes 
— the vSou(heas( Pacific, the CmlCof Thai- 
land, (he Indian ()ccan. ai\d the New 
Zeahind coastal fisheries — have quickly 
been fished <o die poitit of collapse. The 
nel resuh is that tio informed person can 
now doub( i\\M there ;\rc limits io the 
growth of the catc|i in any fishery. Wha( 
is not always clear i.^ whether a particidar 
year-to-vear decline is (he resuh of na(U' 
jil for^:cs, such as climatic variation, or 
of^l^rfisliing. Worse still, a nattiral de- 
cline inducet^l by changes in wa(er tem- 
perature, for example, can itself trigger 
ovcM jishing, particularly if the catch is al- 
ready (oo close (o the sustainable yield. 

Scientisis are now looking cloj^ely at 
the interaction betwec^i stocks as it 
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becomes dear duu the coYnpIcx inter- 
play among species makes i( clifluult. i( 
not impossible, (o manage a given s(ork 
efTvclively in isoUuion. A 1983 FAO ( ir- 
ailar obscrvecl lha( "big fish ea( lidic 
fish, but large individuals of small spe- 
cies can cal small mdividiials (mcliiding 
eggs and larva) of larger species." It is 
not uncommon in a lishery wi(h seyeral 
• species for the fall in (he (^Uih of one (o 
be followed by a rise in (ha( of another. 
Bu( (his m^y or niav no( be a simple 
cause-and-eflei ( rela(ionship, since, (he 
stock of any par(i( ular species can vary m 
response to na(ural forces.*** 

A 1983 repor( from jhe In(erna(fonal 
Cenicx for laving Aquatic Resources 
Managemen( observes: **l)angerous 
shifts in species composi(ic)n are occur- 
ring on many fishing grounds as more 
valuable s(ocks dimini^sh and fishermen 
shif( to smaller species (ha( are lower on 
(he food chain. Irreversible changes may 
be laking place reminiscent of (hose oc- 
curring in the dalifbrina sardine fishery 
or the Peruvian am hoveta fishery in 
which heavily fished s(ocks have been 
greatly reduced resulting in las(ing eio- 
logical changes."*^ 

Determining (he maximum sus(aina- 
ble yield of each fishery is a useful start- 
ing point for better managemen( of this 
world resource, but it is of little use on 
its own. It must be species-specific, 
tecogni/ing that it is not possible to 
maximize the harvest 6f species at all lev- 
els on the oceanic food chain. In an anal- 
ysis of the krill lishery in Antarctica John 
R. Beddington and Robert M, May puini 
out that **clearly the guiding principle 
cannot be maximum sutainable yield for 
^ach species. I hc maximum sust^tinable 
yield of baleen whales is achieved by 
leaving their food (kiill) entirely alono 
For krill, the maxinium sustainable yield 
would be achieved by elfiminating whales 
and other animals that compete with 
human beings for this fopd supply. To 
regulate harvesting by specifying maxi- 
mum sustainable yield fbr both prey an^ 
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• predator species would be to try to have 
one*s cake and eat it too."*^ 

Decisions about where to maximi/e 

'harvest on (he food chain face lishery 
managers everywhere. Th^y are fash- 
ioned by a combination of biological, 
econonuc, and social (Onstraints, The 
most basic (|uestion is whether to maxi- 
^ mi/e the harvest of the larger species 
high, on the food chain (usually prime 

» (able species) or (hat of (he smaller spe- ^ 
cies, which are valued pnmarily for (he 
production of hsh meal. Economics 
of(eii dic(a(e the answer. Pevu, foi exam- 
ple, convei^ed Its huge anchovy haryest 
o( over lt\ million (ons pch year in the 
la(e sijflies and mid-sevemirs (o fish 
meal because there was simply no mar- 
ke( lor such a vas( c]uan(i(y of \inchovic>s 
as lood. 

In looking a( (he resovua\s of the 
Nor(h Sea. (he ( hoi( e ( an be put rather 
explicitly. K.r. Andersen and Faik IJrsin 
ask: Do we warn (he food respmxes of 
(he Nor(h Sea (o end up *'on the dining 
table m (he Ibrm of cod led with living 
6sh or in (he f orm of chicken 'fed with<» 
li,'^h meal?" Among otlter thing:f (his 
choice involves an assessment of the rel- 
ative efficieiK y with which cod and ^ 
chicken conver( small fish furdier down 
(he food chain to a highly vajued food 
fbrnr.^*^ x 

Further complicating ' management, 
fishers alone cannot maximize the sus- dt^\ 
tainable yield when given, for example, 
the influence of waste discharges by in- 
dustry, municipalities, and agriculture. 
, Whole fisheries can be destroyed by na- 
tional energy policies that encourage 
coal burning (hat feads to acid rain and 
<y idification of' freshwater lakes and 
l^treams. Chemical .stress of the marine 
environment directly affects fisheries but 
i( is not always ea,sy to isolate its effects 
on yields since the stress takes many 
forms, such as increased vulnerability to 
disease. 

- All too of ten there appears to be oper- 
ating what might be described as an 
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ovcrfiijhing syndromo, Oiur ihc ( au h of 
a fislici*)' begins to decline, those dirct ily 
dependent on its yi^^ld bcgni u> snfler 
financially, making re,spou,sil)le aiiihcvii 
tics ivcrluctani ir> iniervene. and rcsti'tci 
die catch still liirduM. h\ an ^(Vojl lo 
niaintan^l their ca((b, li'^hevs dejilcte^lhe 
dwnKlling stocks even (urdiei , whu h < an 
push the resource past its brenknij^ poijitl 
and lead Lo a total x oUap.se. <5f ten l es- 
l^i ictions are precisely whal is needed il 
the^resoAirce is lo be. saved. 

Ilie risk c]|s^«>ciaied )viih sevetT ^Joik 
. depliticJn is^ lhal dieie is^no ass^iiaiux 
the slocK)^,\vill replenislmtheniselves.^l he 
(ollap-sV^ t^mhe lisherics hsled earlier and 
(he resj^iltittg o.u\niKi^j<*ducli()i,v o( ihe 
seafood hai^ es^ by oSoniY" -I I hiilhon tons 
lepicM^nt a cosily h>ss Irom die*tnarinc 
resource base, one iluit exceeds (he ton- 
nage prodnced bv lifh laruicrs b.y a sub- 
stantial margin. Occuiring al a lime 
wlien the \v(>rld demand for prolein is 
incrcra^ing steadily, it makes (niure rises 
in seafoocJ prues almo'si nieviiable. 



I HREA rKNEI) Es i UARlES 

Kstnaries play a role in thcr earih\s 
acpiatic food svstem thai is far out ofpCo- 
portion to then si/e. Oelmed as il^u part 
of ^he aqCialic environmntit 'Svhere l4ie 
flow of the river meets thV floo(i (^S^jhe 
tide/* an estuarv is an interWdiate /!oht^* 
between the inland world (^klresh water 
ancl (he salt-water oceans that cover 
nuxst of* the eai tli. 

Most hsh spawn oithvr on the conti- 
nental shelf or in coastid estuaries. 
Ac|uatic annuals such as oysters, clams, 
and bay 5Ci\llops spetid their entire lives 
in Vstnaries. riiesr areas are also part of 
the migration route lor anadromous 
:^pecies (those that spawu in fresh water 
b&4 spend most of* tfieif lives at ?fea). such 
i»^5ah)k>n and striped bass, and thf cata- 
dromons species sncli as eels (((jr which 



die reverse is true). Other ^^pecies, breed 
in the estuafV' itself. But perhaps cncMi 
*inc)ie important, i^he sheltered waters of 
estuaries serve as nurseries for young 
lish. If they are altered iiMvavs that make 
them Unsuitable lor spawning and (or 
sustaining a rich range of'aquatic life, the 
tiuimiity and diversitv of marine pix)tein 
sup|)l<e:S will be reduc ed acvordntgly,^* 

I he complex miKual dcq)endence of . 
|)eople and estuaries is expa^^ding ns 
pOpuUuunv^ and economies grow. As the 
rtsing demajul t<|r !)asK (oodslufls and 
timber leads to more Umd clearing, there 
is more soiF erosiotT^^ and hen(;e, heavicM 
Hows of ;;ili into estuaries. J lie clearing 
ol land, for c onstriK ti^'n of homes, facto- . 
lies, and highways also adds pressure. 
Much o( the soil rs carricHl to the hn^ths 
of rivers and slrtams, wlieiH:*it muddies 
the? water ^ind reduces the Mniount of 
sunlight leaclinig subn*ierged acjuatic 
Xc^getation, A^ this dwindles, the food > 
supply for mahy ac^uatic organisms is re* ' 
duced. 

Increased flows of plant nutrients are 
also damaging estuaVic*^. A sevenfold tn- 
(Tease in wc^i Id. clnMiucal terljh/.er use 
since 19r)(),«a doubling of hnm;iri\sewag<5 
during the .5>ai\ie pericxl,;(ixid"tfie sVttch 
to-,syndi(?ti(^ detergents in e.anHontribut;' * 
irt^g^^ the overload cjf nutrientS/^m .es- 
\naries, which iu turii multiplies tl|e algal 
plcjoiivs ^)n a scale that alters the marjnc' 
envncHuiiiCMit. AsS, the greatly increasc^d 
numWrs i>f algae i\¥c and settl<? to the 
boHoin. their d'ecOm|>osition «b»sorhs 
the' disvsolVed c^xygen from the water— 
\5xygen that lish and other a(|uatic ani- 
mios recjuire to survive. Bc^onc^ a certain 
point, fish are actually asphyxiated. 

Anmher source of estuai ine stress is . 
the' influx of toxic materials fronl indus- 
tiT and agrfcuttnre. Synthetic chemicals ^ 
and heavy ^imMals can ititerfere'' with the 
reproductive processes of acpiati^ organ- 
isms and reduce the habitability of die; 
environments, they cont^miinate. Nbt in- 
frecnicntly, they render seafood inedi- , 
bic. ' ■ ' 
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-There are Ijterally thousands of its- 
tuaries, where ihe tvorld's rivers meet its 
oceans bui a relatively small number Ac- 
c^vmt for most of the spawning iktiyity. 
The principal breeding area for the ^a<5t- 
cfn coast of the United States, for.exatn- 
pie, is the Chesapeake *Bay, a 200-nule- 
long body of water formed by the retreat 
of glaciers aqd the subseqiu nt rise in sea 
level' that inundated the Jower Su«r 
quehanna River V«Uley some 15,000 
years ago. 

Sometimes referred to a.^ a •^^protein ' 
factory/' this ric^i estuary is losing its 
pVdductivity. IhVindling stocks of key 
species that contribute to the Bay's rich 
harvest have raised conceriv about its 
continued ability to ,supply fish, oysters, 
and crabs as abundantl^jis in the past. 
These clear signs of deterioration led 
the U.S. Government in the mid-seven- 
tif^s to launch the most exhausjtive study 
, ever undertaken of a major estuary, 
•After several years and the expenditure 
of some $27 million, the study con- 
cluded the Bay was indeed" deteri- 
orating, ^ that the deterioration was 
human in origin, and that all the causes 
could be remedied with the coopei^tion 
of the three states responsible for 
mana'ging the Bay's watershed, Al- 
^b^wgh some 1 50 rivers*and streams flow 
into the Chesapeake, just 8 account for 
90 percent of the . fresh water entering 
the Bay Jind the Susquehanna alone ac- 
counts for close to half the t^taK'^ 

One of the most obvious altei:ations in 
the Chesapeake is the extensive' loss of 
submerged aquatic vegetation as sus- 
pended sediment, particularly in the 
uppef reaches of the Baj(» buijt up. 1 his 
decline, under way since the sixties, ac- 
celerated during the seventies and 
affected all types of vegetation. The Vir- 
ginia Institute of Marine Science con- 
cluded it^ a 20-yeaf study of the Chesa- 
peake's Yegetatioij that **this estuarine 
system has been undergoing an environ- 
mental stress of major propoHions/*^^ ' 
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Figure 4-2, Chesupciikc Bmy Oyn ter Catch, 

1900-85 

Another principal conclusion of tlu^ 
l),S, Government's study was that e 
number of blue algal blooms in the 
upper Bay had tjiicreased roughly 250- 
fold since the fifties, leaving large areas 
without any dissolved oxygen. These 
changes in the Bay\s chemistr)' have 
steadily reduce\l the harvest of priced 
species such as shad, oysters, and striped 
bass (locally known as rockfish).^^ The 
population of menhaden, which feed on 
the algal blooms, increased, but unfortu- 
nately (his is an inedible, low-valu^ish 
used largely for fish, meal. In thcf late 
nineteenth century the Bay each year 
yielded over 100 million pounds of 
shucked oyster meat. By the early eight- 
ies the annual harve:?t had fallen below 
30 mjlliort pounds. (See Figure 4-2 ) The 
decline in the catch of shad was equ<t]lly 
pi^cipitous, falling frojrn nu>re than 17 
million pounds per year around the. turn 
of the century to less .than 2 million 
pounds in the early eighties, (See Figure 
4-3,) 

A similar situation with striped Uass — 
nearly a 90 percent drop in the catch 
over the last decade— and an eyen more 
alarming dechne jn stocks 6f this fish, 
prized by chefs x^nd recreational fishers 
alike, led t^ie U S. Congress in 1984 to 
consider legislation that would ban 
fishing for stripers altogether until 
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Figure i'X ChcM^akct Bay SliaVI Catch, 1900^82 

^stocks recovered. Although ihc act d)d 
not pasSj the state of Marvland in hxte 
1984 banncdl aU fishing; forjf^to ba^s. 
including that tor sport» for^p to four 
years beginning m 1985.*^ ^ 

Restoring the Bay will require an ex- 
penditure of roughly $1 bilUpn by the 
states of Maryland, Pennsylvania, and 
Virginia. Land use planning and the 
adontion of practices to control soil ero- 
sionSvill be needed to reduce the influx 
of both silt and agricultural chemicals'. 
Stringent controls on industrial and mu- 
nicipal waste discharge are equally nec- 
cssary.^''' ^ 

Since the findings of the government 
study were pubhshtd in 1983, another 
threat hfos come to light: the rising acid- 
ity of the wator in the streams that feed 
the Bay. A scientific team from the 
Smithsonian Institution has been analyz- 
ing the Rhode River \w^ershed» oile of 
the snttil)er rivers that feeds into the 
Chesapeake. They report that betweeif 
t972 and 1978 the pH level fell from 6,3 
to 5.8* .Scientists regularly detect strong 
acid pulses in tlic streams following 
heavy rains. There is some doubt about 
whetheic the larval yo.ung of freshwater 
spawner^ such as* striped bass or perch 
could st^rvWe under these acidic condi- 
tions.** if this is the^case, then saving the ^ 
Chesapeake Bay m*ay be yet another rea- 
son to reorient U.S. energy policies away 
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from the use of fossil fuels toward much 
heavier'mvestmcnts in energy efltciency 
ancf the of renewable ' energy 

sources. 

Estuaries in industrial tountrievS are 
not the only ones ^^dversely affected. Re- 
searchers at Istanbul's Technical Uni- 
versity on Turkey^s Gulden rtorn — a 
small estuary Utorally within the City of 
Istanbul -that is fed by two small rivers, 
the AHbcy and Kagithane — have pro- 
nounced the estuary dead. Not only are 
there no living organisms in the Golden 
Horn but th& researchers fear that as 
sewage, silt, and industrial washes con- 
tinue to flow into the area, the Bosporus 
Straits and the Marmai^ Sea may eventu- 
ally deteriorate as wel|.^^ 

Changes in estuaries such as the Ches- 
apeake 3ay or Turkey's Golden Horn 
^ are undoubtedly occurring in varying 
degrees throughovu the world. The 
threat elsewhere has received far fbo lit- 
tle attention to date. But the extent of 
the damage in the Chesapeake* now so 
thoroughly docuitVented, may get scien- 
tists artd governments in other areas to 
focus on these invaluable resources. In- 
formation gathered from the detailed 
study of the Bay can be used to design 
research progVams for other estuaries 
and shape responses needed to restore 
these waters to health. ^ 



Fish Farming 

Fish farming is not a new concept. In 
China, where it may have originated as 
long as 4»000 years ago» the domestica* 
tion of fish foUowcjd closely after lhat of 
livestock. Althougli fish., farming, or 
aquaculture <wWch a|so includes sea- 
weed in some countries), has been prac- 
ticed for at least a few millennia and in 
scores of countries^ world output totals 
just 9 million tons, roughly ont' seventh 
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of the oceanic catch • 

Over the past decade und a half/how- 
ever, aquae viltmxr ^ potential luus been 
considered bynmtioual economic policy- 
makers, international aid agencies^ farm- 
ers, and corpoi'ate itwestors. Two re- 
source-related developnurnts. are 
responsible: * (he increasingly evident 
rtmits to iUi yield of natural oceanic and 
fresh>vaW fish stocks, and the depltftion 
of oil reserves and a.s?ocii\tcd rise in 
price of the liquid fuels so essential to 
distafvt-water fisheries, rhese pressures, 
in conjunction with the establis^lnnent of 
'200^nile offshore Exclusive' Economic 
Zones by more than 100 countries, have 
drawn attention to fish fanning as an al- 
ternative source of protein. 



N Worldwide, kquacuiture provides 
Voiighl^y' one sixjth of the «»eafood 
consumed directly. % 

^ ■ • 

Incomplete data make it dilficult to de- 
termine exactly how rapidly fish farming 
is expanding. Since fish are grown for 
home consumption in backy^fd poirds 
by Third World villagers, there Ns no 
market point at which-to (j^u'^^^' informa- 
tion. Difficulties in measurement closely ' 
resemble those associated with trying to 
gauge output from Tiome gardening of 
fuelwood use. In addition, country data 
sent to FAO, "which compiles and pub- 
lishes figures 9n fisheries, often (ail to 
distinguislv between "capture" fisheries 
and fish farming/ And becaysifin ^ome * 
countries the industry iJ\rflativ<;ly new, ' 
there is no established data gatjierinp; sys- : 
tern. This particular deficiency plagues 
even statistically sophisticated countrie.<i ; 
like the United States, where the yields 
of new initiatives in catfish and crawfishi j 
production are hard to docunrient. 

China, with an estimated annual aqua-j ^ 
cultural output of just over 4 milliotx 



tons, is far and \Vay the worfd leztder. 



(Sec Table 4^-4.) Thi J total consists of 
SOOMO tons of fmfish. 1.8 mllUon tons 
or.s|iellfish, and 1.4 million tons of sea- 
weech Jtipan rank^ |?econd, Vith about a 
nnllionNions—rougmy one lhir<J each, 
finfish, shellfish, and sea/yeed. Given the 
rapid strides in LIS. fish farming during 
the early eigl\ties)a 1985 survey is likely 
to show the Unitecl^tiUes n^oving into 
the top t<Ji\ aquaculUn"al?|^oducers. The 
(^Continental <fisn ibution of world aqua- 
cultnral output is highly uneven, with 
Asia accouhtin^ for over hijf the total. 
anf( Eyrope and I^ot th Amenta ranking 
a distant second and third. In rnost of 
Laiin/Americ;v fish-farming is still in an 
embT;>'^>nic sta^e. In Africa, it is just start- 

India's fish farmers,' netting ♦^ome 
800,000 tons of finfish per year, nar- 
rftwiy edge China fOr wot id leadership hi 
this particular catt;goi7. (See Table 4-i>, 

:/ ' ' 

' * . y v > 

Tttibflc 4-4. A^uiifultiiriil Output, 
^ LeAdin^ CpuiUrlc9» 198^^ 

Country ' Production 




India 

South Korea 
Sovi^et Union 
Philijjpines 
hidonesin 
France 
Spat*^ 
Tai^jn 

All other 

World 



(»V^ric tons) 

4.012.102 
976.140 
848,973. 
481.480 
340.000 
285.505> 
, ^199,297 
198,375 
194,4Q0 : 

"183,673^ 

987.361 
8,707,363 



^ 



sovhge: AqlU)lculfur<^ Dcvclopmem ?ind Coordin^ 
tion (Vogni^nmci riUl for AquacuihWe Oevitopmrnt u(:^ 
the Third World (Ki>mc: NorH»egia# Agency for In* 
tcn^{iti9nal Dcvtlojpnien(» UNDV, «nd FAO, I9»2). 
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In both cases car|> is ihc,nmih type of 
finfish cultivated. In South Korea, sciV; 

^ weed dominates the output, while Soviet 
fish farmers conline their attention al , 
most* entirely to finfish. In Europe, the 
main products are niussels and oysters. 
Thd Netherlands, for example, produces 
100,000 tons of nuisseKs each year, 

* enough to provide* each of its citizens 
ivith 10 kilograms. U.S. aquacuUural 
output is among the most diversified of 
any country, including both omnivQix)us 
species such -as trou( und herbu'orous 
feeders such ^s' catfish. In 1982/catfish 
accounted for a good half of the U.S. 
aquacuUural yield of 180,000 tons.3'\. , 
Worldwide, aquacviHurc provides 
roughly one*sixth of the seafood con- 
sumed direcdy. Of the total finfish out- 
put of^some 3 J million tons, an es- 
timated four fifths is accounted for by 
carp, the mainstay of both the Chinese 
and Indian aquacultural economies. In 
both these countries, the aquacultural 
sector provides more than one fourth of 
total fish consumption. In the Philip- 
pineii it accounts for about one tenth of 
the fish supply. In the United States, 
nearly all the rainbow trout, most of the 

I^Vatfish .and crawfish, and 40 perc<?nt of 
the oysters are harvested from fish 
farms.^* 

The vast majority of tlie word's aqua-^ 
culturi^Hsts are also agHculturalists. In 
part this is Ijecause aquaculturcYequires 
land and farmers own most of the area 
that is suital:\le*^*I1iiere are also mutual 
eHiciencies to be gained from the inte- 
gration of ajmcultural and aqua<:ultural 
production. Many Third World farmers 
efficiently combine the production of 
pigs or poulti^. particularly ducks, with 
that of fish by using the animal waste to 
fertilize theTish ponds. Such a system^ 
means thalL the feed consumed initially^ 
by pigs or ducks yields much more an^ 
mal protein in operations that also pro- 
duce fish than when the pigs or fkicks ar^ 
grown in isblation* But the gains do not 



MaijUaimng World Fisheries . (8y) 

Tikhlt Ai|uftcultunil Output By Ty|>c, 
Uftdini^ Coumrief. 1980 



Type 



Country 



Production 



(metric tons) 



Finfish 


All VI 111 






Clhinii 


















1 rtf ii^Fi#*v in 
tllvJ^MIICSlit 


177 Kfifi 
Iff |OUU 




Y^l>llll~kt'klf^#^<! 
\ MlillJWI.IIVO 


1 <!/ 1 ,0 J Z 




X «1» nil 






^^ILy<V|l^ lUVlv. oil 




- 


United Stutcs 


55,646 




Romania 


. 4l.3'-?5 


Ol tv.1 1| I.M 1 




1 7ft7 Qiin 
I , /!>/,wU 






9J^4 74 Q 




' J^ipan 


90n 9M f 




Fn^ncc 


- 179.000 




Spain 


170.000- 






1 1 1 #^7^ 
1 1 J ,Q 






OA 4 AO 






74 IftH 






f)H 4 19 




It »lv 

1 \m y 


40 7A4 


Crustaceans 


Indonesia 


21,797 




India 


17.009 




'rivailand 


9.1)23 




Taiwjin 


7,017 




tJnited Stated 


' 5.596 


Seawoecl 


, Chin^ 


1,440.822 




Japan 


426,044 




South Korea 


195,663 




Philippines 


132.730 




Taiwan 


11.175 



soui^ck: Aqunculturc Dcvclopwicnt and Coordina- 
iio^ Programme, M for AqimcttUutt Devilofmeni in 
thi0yttrti WorM (Rome: Norwe|pan /J^gency for In^ 
(cri}ationnl Development. UNDP, and FAO, 1082). 



Stop th^rc: Freauently when the fish 
potid is drained for harvesting, the 
shidge from its bottom is gathered and 
spread on adjatent fields as brganic fer- 
tilizer,^^ 



State 6J tHe \Vorld—19<S5 



Anoihor lorux of tigncuUural/aqun- 
cuhunU iniegration ihvolves land use ro- 
tauon belween the two activities. In the 
southern United Slates, for example, 
catfish fanners frequently alternate be-, 
ivveen ^rcrop of catfish and one of soy- 
beans. This c'lits tlie pTo^uction costs of 
soybeans since the nutnenj-rich residue 
on ihi^ land afler a year o^ intensive 
catfish farming substantially reducc^is * 
outlays for chenii/al fet lili/er.^'* 

A variation (if this approach is prac- 
ticetl by crawfish producers in Lorffsiana 
and ' Vexas- Since the heVbivorous 
crawfish frequently feed oti rice^ straw 
and since land thai C7)ci\ be fkxl^ded tp 
produce rue can also be fh)c)ded to pro- 
duce crawfish, farmers commonly plant 
Vice on the land from March to August. 
After ihis> is. liarvested the r^e paddy 
is again filled with water and stocked 
with crawfish that' feed on the rile stub- 
Kle,35 . 

Fraditional aquatultufo* like t.i*adi^ 
tional agricultut e. is ai>yexiensive activilt^^ 



oui'us of hnyd 
way of addi" 



using relatively large a' 
and winter and iktle in tK 
tional eftergy inputs. IncltVd* fish fqunir- 
ers have usually done little more than, 
stock fish in confined areW. Howev<?r, as 
demand for marine popeiji -Jias driven 
prices upward and as KmcTshas become 
scarce, ntqua(^lture has omlwked on a 
path renituHkably similar to that of .agl i- 
ciiliure. Normally this has involved fer- 
tili/.ing tl^ ponds in some way, U?ting or- 
ganic wa^ite or chemical Tertilizer, bu^ 
jnore recentt>' it has evolved into the di- 
rect feeding of fish with balimcVd ra^ 
lions, iiyrluding hi^h protein concen- 
trates» similar to those' used with 
livestock and poultry. . ^ 
^ , Data for both carp aifid cit^fish indicate 
similar responses tb the vai7ing inptits 
used, For example, when, |^)onds iwc 
regularly, fertilized, c^rp yield 390 kilo- 
grams per hectare peir year* (See l^ible 
4-6.) Under, the sani(e regjm<!^ channel 
catfish produce 370^Rilogoui^«i per hect- 
are. When ftsh are fed gJPfiin or gi Jiin by- 



f)roducts» usually in pellets, the- out put 
increases severalfold, M tlie gniin is ,su{x- 
plementedT^With higli-quality protein, 
such as s6>^ meal or fish^meal from less 
valuable frs<ffNhe vi^Hd per hectare then 
jumps ,to three tons or more (In hoih 
carjj^aifcl catfisl). Virtually all commercial 
cvufish fi\rniers in the United^States k^ojv 
use these high-quality svipplements. 

Another HecKniqtie used to ixiaximik* 
outpxuis called polyculiurt^tlu^cultiva- 
tion of sev^Mal fish that have difieretit 
fhoi\ habits. Chinese fisl\ farmers com- 
nivonly combine grass carp that feed on 
grass and other vegetation, silver carp 
that need phytoplankujn. bighea<l carp 
that eat :^ooplankton, and coyiunon c^^^l) 
that feed on insects, Israeli fish cultural- 
ists have alst) adopted tins system, grow- 
ing common carp, silver carp, and nnillet 
toge^fier, a ^ combination that yiekis 
roughly 30 percent more than does any 
single sp^*cies. In the United States, re- 
.search at Auburn University founJll that a 
(ombination t)f channel c<\tfish and hy- 
Iff id buffalo lish yiekied 4,200 kilogtams 

Table 4-6. Aniuial Fish Farming Yiblds of 
Common Carp and Channel Catfish With 
Varying Intensity of Cultivation 



C^oiiunon 
Caiji . 



Channel 
Catfish 



(kilograms per 
hectare)! , 



.H90. 



3.300 



370 



3,000 



FerVili/.ed ponds 

Feeding grain or 
grain by-products 

Feeding grajn plus 
high-qualily ' 
protein sup- ^ 
plement feeds' 

'Cljiiumonly Ush meal from tra.sh lish or^yl^m 
mcul.. ^ 

sovrck: k. l .TovcH, R.O. Smitherson, and K.W. 
Shell, *Trogrcss and IVospecl? of I'ish Fat nung,*' 
in S'noJ^ote\n Fooits, Vol. 3. 
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TnMk 4-7, Efilckncy of Grain Conversion 
.to Meat by Various Animals 

/ ^ ' Gratn/Mcaf 

Conversion Ratio 



Bed catUc injfccdloi 
Chicken 

Rainbow trout ■ 



. 7.5 to b 
3.25 to I 
2.25 to I , 
1.5 10 I 



source: Hans Ackcfors and Carl-Xiusiaf H^sen. 
^'Farming Aquauc Annuals/' .tmlnor Vol 8, -No. 1. 
1979. \ 



, per hectare, an inot ease of" 50 percent 
ovcr*.the 2,800 kilogi-anis per hectav/^ 
from the catfish alono/^ 

One of the attractions of fish farming 
is the high efficiency with which fish con- 
vert vegetable matter to meat. Beef cat- 
tle in American feedlots reqiiii^e roughly 
7 pounds of grain to produce a pound of 
meat. (Sec Tabl|^ 4-7.) Pigs, by compari- 
son, need 3,25 pounds 
a pound of pork; 
pounds for a pound 
by contrast, require only 1.7 pounds of 
/grain to produce a pound of fish. Fish 
are more efficieht converters than Tarm- 
yard species^for two reasons. One, ihey 
are cold-blooded and thus do not need 
to consume large amrounts of energy to 
maintain a hijjn and steady body tem'^er- 
ature. And nvo, because they live in the^ 
water, fish do not require much energy 
-for locomotion. Together, these give 
ftsh a marked advantage in feedxonver- 




sion. 



Jn the United States, where carp are 
considered too bony to be'a prime table 
fish,. the channel catfish dominates, with 
output exceeding that of trout by a fac- 
tor of four in recent years. American 
catfish output, less than 3,000 tons as 
refentiy as !070> reached 62,400 tons in 
19^$. (See Table 4 8.) The rapic^ growth 
in catfish'^rming in the lower Missis- 



sippi Valley is one of the'world*s aqua- 
cultural succcs^s stories. As Jlhe efficiency 
of prqduction has ii\creased, catfish have 
eA^olved.'^nto a wiclely consuiiped food 
item, nuich as poultry did a generation 
ago when advanccs'in the industry ti*ans- 
formcd chtcken from a luxury food for 
Sunday dinner to^a daily fare. \ 

Although ^thcre are considerable be- 
nefits ,to l)<^ gained from combining fiSh 
farming with that of crops iin^ livestock, 
fish cun also be farmed oti a small scale 
wherever thp physical re??ources are 
available, Tfie mosi basic need is land 
that cat! be used for a pond /preferably 
oxer, soil with ^ sufficient^ cla^ to hold 
water. I'ish farmers also need a source ol^ 
f water and some source of feed, which can 
1 range from naturally ocgnrring plant 
growth in the pond to animal manures or 
gi-ain products'wiih higH prQtein supple- 
ments. 

" Fish farmg vary in size from leyeral 
, square meters to hundreds of hectares. 
The millions offish farmers in east Asian 
countries, such as China, the Philip- 
Table 4-8. United States: Aqtd^aculfural 
Production of Catfish, ^1970-83 



Year 



Produ'irtion 



1970 
1971 
1972 
1973 
1974 

1975 
1976 
1977 
1978 
1979 

1980 
1981 
1982 
1983 



(metric tons) 

2.600 
5,100 
. 8,300 
9.000 
7.700 

7,300 
8,600 
10,000 
13,700 
' 18,500 

,21.100 
^ 27,500 
' 45,200 

62,400 



source: Paul Hun, U.S. Department of Agricul- 
ture, private comnuinication. April 4, 1984. 
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pines, and Indonesia, typically have less 
than 1 hectare ea<::h. Catfish producers 
in Mississippi usually average more than 
50 hectares per farm. The national area 
varies widely, from China's 74Q,000 hect- 
ares to the relative newcomer the Unitecl 
States, which has roughly 100,000 hect- 
ares devoted to fish production, Ip Mis;^ 
sissippi. which dominates the U S. pro- 
duction of catfish, farmeis used some 
2,6.500 hectares — just over IDO square 
miles — for catfish ponds in 1983.^' 

The ability of fish (armiufif to satisfy 
animal protein needs at a low cost de- 
pends in large part on the development 
of species that feed 16w in the aquatic 
food chain5 Recogiiixing this, the re- 
search program at the hiternational > 
C<^nter foy Living Aquatic Resources^ 
Management in the Philippines has 
focused its etforts on species such as 
tilapia, carp, nuillets. milkfish. clams, 
and oysters — afl species that feed on 
aquatic vegetarion. Over the long term 
the future of tropical aquaculture ap- 
pears to reside in these species, 



A^uacultural 'expansion faces the 
same land, wnter, and energy con- 
straints that agriculture does. 



The scientific base for a productive, 
flourishing aquaculture does not yet 
exist^ for the systematic application of 
science to the breeding, nutrition, dis- 
ease control, an^ rearing practices of 
aquatic organisms is still in the early 
stages. In contrast to livestock hus- 
bandry, which is Based on several species 
that were domesticated thousands of 
years ago, many species offish hav^ beeiji 
artificially cultivated only within the las\ 
generation. Because iHarine biotogists 
have not been ableHO get some commer- 
cial species to reproduce }t\ captivity^ fish 
farmers are still largely dependent on 
the gathering of eggs or the capture of 



ffligerlings. As scientific advances in 
aquaculture unfold, count jess new op- 
portunities will undoubtedly develop. 

That fish farming is destined to ex- 
pand seems clear. Ho\v fast it w^ill do so 
is less cert^iin. It is a form of animal hus- 
bandry and as such must compete wit|i 
the production>of|be^f. pork, poultry. 
^ eggs, and milk for Oie use of land, water, 
l^bor, fertilizer, and^ feedstuffs. Kish 
farming will succeed only in those situa- 
tions^where it can compete with these 
other forms of food production. But in a 
world where pressure on resources is 
mounting, aquaculture shQiild also be" 
seen as means of tapping some currentIV 
unused resources. Fop^example, fishrt<n 
be farmed .on low-lying land that is not 
suitable fpr crop^ production. To the ex- 
tent that fish farming uses such I'e- 
sources or is integi;ated with livestock or 
crop production to the mutual benefit of 
both, it is bound to expand more rapidly. 
It is also a way of converting organic 
c,^waste directly into animal protein. And it 
even creates additional jobs. 

One of the constaiints on aquacultural 
growth is land availability. A World Bank 
fisheries study observes that sortie coun^ 
tries, such as China, have only a modest 
potential for additional expansion. Oth- 
, ers — the Philippines. Thailand, or Sri 
Lanka, for instance — can expand the 
brea devoted to /ish farming .several- 
fold.'** As a general matter, aquacultural 
expansion faces the same land, water, 
and energy constraints that agriculture 
does. ' 

Most of the projections of futu^e aqua- . 
cultural output have proved to be ex^^ 
ceedingly optimistic. In 1078» for exam- 
ple, the Natic^ial Academy of Sciences m 
the Unit«J States anticipated that worlk 
♦output byjthe year 2000 would reach 50\ 
million tons, of which 1 million tons 
would be produced in the United States. 
Given ihit impressive U.S. progress since , 
then, this country may come close to the 
million-ton figure^ but growth tn this 
field elsewhere is only a fraction of thrft 
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projected in the Academy study.^^^MBli 

Although fish farming is practiced mr 
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many ct>untne.s, it is .still a Hedgling in- 
dustry. Fqr most species, genetic im- 
pi;ovements through breeding that 
would permit various specjes to exploit 
the favoi^blc conditions provided by 
aquacuhure are still in the early stage. 
Advances in disease control and in fish 
nutrition are likely to be impressive in 
the years ahead. All told it looks as ^ 
"though growth in hsh farming will con- 
tinue and probably accelerate as de- 
mands on the earth's food-producing re- 
sources' intensify. 



Salmon Ranching 

In fish ranching, as opposed to farming, 
fish are kept in captivity only for the 
early part of tU6r life. Anadromous fish 
(which spawnfin freshwater streams but 
spejid most ^/thcir lives in salt water) 
with a strong homing instinct, are well 
suited for this type of aqu^icultiUe, Spe- 
cies such as salmon or oCean-g(^g trout 
a|'e hatched and confined until tliey 
reach the'smolt stage (aboiu two years 
old), at which time they;ire released for 
their journey to the ocean, where they 
will stay until they ai-e mature and return 
to spawn. * 

Fish ranching differs from fish fanning 
in several ways. While farming invQlves 
many species, commercial fish, ranching 
has to date been broadly successful with 
onl); one: salmon. This does not rule out 
commercial possibilities with other spe- 
cies, but thus far they have been ranched 
on a limited scale. The second main 4i(fx 
erence li? s in feec^ing. Whereas farmers 
must provide all the food for the fish 
they rear^ either- cHrectly or indirectly, 
this is not the case with salmon. Re- 
searchers estimate that only 1 pei^cent of 
a salmon's growth occurs while it is in a 
hatchery. For the two, three^ or four 



years it is at sea, the prec 
forages on its j>wn. 



ion 

appar- 
rivers 



Before the niodern crji 
ently thrivcfl in streatfis 
throughout the northern 'hemisphere s 
'higher latitudes. )A^ith ftjodernization. 
however, their ac(;ess to many streams 
and rivers was often blocked by djtms. as 
in the U.S. Pacific Northwest and in Uie 
Baltic Sea, Sonw^ivers — such as the 
Thames i>rsl':n gland, where ih^ salmon 
disappearcyf in the niiuneenth century- 
became is/6 polluted that they were no 
longer habifable. In other instances mer- 
ciless overfishing led to the salmon's de- 
mise. Phc combined result is that this 
popular seafood . souYce disappeared 
from many sites where it was once abun- 
dant. 

In the late twentieth century a better 
understanding of the salmon's life cycle 
and^a strong commercial demand for 
this tasty fish have led to the restocking 
of many streams. More than two centu- 
ries have passed since the 1763 discov- 
ery in Gerrtiany that salmon tfggs could ^ 
be' fertilized in captivity, I his. coupled 
with an awarenes$*of the salmon's hom- 
ing instinctf set the stage for jnodern 
ranching. Salmon hatcheries, usually 
publicly supported, and commercial 
salmon ranching are both based on the 
near-legendary homing instinct of this 
fish. Even when released in an unnatui^l 
setting, salmon manage to find their .way 
bacl? some two to fiv^grtCg later when 
it's litne to breed. SfT 

Rese|frchers at the University^ of 
Washin%ton\s hatchery regularly ob- 
serve thtjl^ genetically programmed be- 
havior: *%stead of coming back to big 
deep rivers such as thtr Sacramento* the 
Columbia, the Fraser and the Yukon, to 
which mai^ of 4heir relatives are accus- 
tomed, Chmooks returning -Trom the sea 
k) their *home' at the University must 
enter Pugel Sound, {urn left, enter the 
Lake 'Washington ship canajl and pass 
through the locks either ^with the ship 
traffic or by way of the fish ladder aloijg 
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Figure 4-4. Release of Juvenile Salmon Into the 
North Pacific, 1950-80. With Projcctlon!i to 1990 

^ the south bank. Then, after a three-and- 
a-half rnile trip through the congested 
^<)ustrif)l area along Ihe shores of Lake 
Union, tl\ey must turn left again, climb a 
small ladder and enter a coljecting pond 
on th^, campus." Not only does this 
unerring homing instinct ensure ths^yhe . 
salmon return to their birthplace, it also 
means they are exceedingly easy to har- 
vest when they arrive.^^ 

The only • countries with extensive 
sahnon hatcher i<*l and annual releases of 
this fish'arejapan, the Soviet UniQit.aud 
the United States. T^)e Japanes*e now re- 
lease over a billion salmon smolts each 
year in rivers and streams on the islands 
of Hokkaido and Honshu. Ai^r feeding . 
in the areas south of the Bering Sea. the ' 
Aleutian Islands^ and tht Gulf of Alaska, 
the salmon return to the rivers where 
they were released. In the fall of 1982, 
the Japanese harvested 28 million * 
salmon — one' for every four Japanese, 
Soviet salmon ranchers are not far be-^ 
hind: THe smolti released are expanding 
by roughly 100 mitlion per year and the 
goal is to release 3 billmnlannually by 

ahe^end of the century/" The Soviet* 
salmon ate released in the many small 
streams of Sakhalin Island and the Kam- 
chatka peninsula. By 1990 the three 
countries together are expected to re- 
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lease 6 billion smolts into the North Pa- 
cific. (See Figure 4-4.) In addition, Can-' 
ada and Sweden are also^ actively 
engdged jn salmon breeding,^* , 

Japan appcprsfto have a substantial 
lead over both theS'qViel Union and the 
United States -'in the ;scale of its opera- 
tion.^ (See Table 4-9.) An estimated 90 
percent of the salmon that spawn in Jap- 
anese rivers and 'Streams today origi- 
nated in' that nation's ha^cheries« In- 
deed, the number of salmon now 
breeding in these areas appears to far 
exceed the number thiit spawned there 
naturally prior to humah interference.^^ 

Both the Soviets and th? Japanese 
sometimes practice what i^ aptly de^ 
scribed as tefminal harvesting in addi- 
tion to the more conventiorjial high-seas 
drift-net harvesting. Instead ofcatching 
the salmon with boats they either places 
net*^ across the Streams or in som^ cases 
simply net the fish by hand. If the proc- 
essing factories are adjacent to the 
hatcheries Vhere the smoUs are released, 
the salmon on their return journey 
upstream are channeled into specially 
devised diversion chutes from which they 
*are manually transferred to a conveyc^r 
belt that leads into the processing plant. 

The great attraction of salmon hatch- 
ing and ranching is that the investment 
in feeding is limited to the one or two 



Table 4-9. Estimated Harvest From^ ^' 
Salmon Ranching, By Country, 1984 

Country ' Qjiantity 




(metric tons) 


Japan 


108,000 


Soviet Union 


6^1.000 


United ^a>cs 


2L000 



soilHce^^Worldwatch Inslhutc cstimauys based on 
^ data from William J. McNeil, Oreg<y»^qua-Foods, 
Springftcld/QccM private commumcatidn. October 
30; 1984. - ^ 
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seasons it takes between the tithe of 
hatching and the point when the tiny 
smolts are ready for their Fong feeding 
migration 10 the sea. There i.<no ne^ to* 
invest in fishing trawlers or other ener- 
gy-consuniing harvesting ^ equipment. 
And, as noted earlier, the .salmon con- 
sume Only minute quantities of feed tin 
this eaVly ita^e of We. ' 

The Japanese, for example, calculate 
that for each kilogram of juvenile salmon 
rekased from hatcheries ^ey get 80 
kilograms of mature salmon returning. 
Steady progress in improving-the health 
and vigor of thejovenile salmon that ar<;; 
released Has raised the share returning 
at maturity to over 2 pert'ent at hatcher- 
ies in both Hokkaido and Honshu. In the 
natur^ state, only an estimated J per- 
cent Jf the smolLreturn as aduUs, for 
man^flWt^figs can happen to the small 
salmon ^s they move toward the sea, in- 
cluding being eaten by larger fish. The I 
percent rate of return is considered the 
minimum for a commercially viable 
ranching operation. '•^ 

One concern that always follows the 
domestication or semidomestication of 
any species is the loss of genetic diver- 
sity. Some fishery experts in the' United 
Slates at least are worried about this pos- 
sibility in hatchery-reared stocks gener- 
ally, and^pecifically in competition with 
native stocks.^'* . 

lor salmon ranching to be an attrac- 
tive investment, those, who operate 4he 
hatcheries must of course have exclusive 



troduction of snlmon in^o (he southern 
oceans where Jihey do not naturally 

^ occur, Chinook salmon smoJts from the 
University of Washington stock were 
rclea^vd in Chije in 1980. The percent- 
age that returnetl as ^duh ^hinooks two 

• yeai s huer greatly exceeded the expecta- 
tions of the.nwine^biologists conduct- 
ing the experiment. 4t is hoped that 
scJlmon released along thelouthern Chi- 
lean coast will feed on the enormous 
?tocks of krill in the oceans around Ant- 
arctica, convertii^g what is now a very ^ 
low-value seiilbod source into a mucK 
ta.^tier, more widely demanded one. The 
success of this initial introduction into 
the southern oceans has raised high, 
hopes noi only in Chile but in the Mal- 
vinas (Falkland) Islands and New Zea- 
limd as well. '^ 

' Norwegian scientists have also been 
highly successful at producing salmon 
smolts^j But Norway is far from the 
salmon's natural feeding grounds and 
many salmon would probably be lost to 
the numerous North Atlantic fishing 
boats. So the Norwegians have opted to 
farm salmon rather than ranch them. 
Thus the salmon are fenced in, usually in 
pens within natural etvclosures such as 
(jOrds, In 1982, Norwegian salmc^n fa^/ln- 
ers produced nearly Jl 5.000 tons, many 
of which were exported to foreign mar- 
ket^. Given tl\e favorable commercial 
prospects, flSJorway's producers hope to 
boo!st output to 25,000 tons by 1985,^^ 
Jn*Scotland, farmers grow salmon in 



^tlvority to harvest the fish returning toL . large floating cages usually located in 
theiti. In the Ur\ited States, three states sea lochs. For them, the disadvantages of 



— Alaska, California, and»Oregon — now 
permit this. In Alaska, for example, once 
the returnir^gf salmon enter the harvest 
area they become the property of the 
corporation that* released them. With 
this right assured, some 17 corporations 
are now engaged in salmon ranching in 
that state.^* 

Success with salmon ranching in the 
northern hemisphere has led to t^e ih- 



having to feed the Qsh throughout an 
entire life cycle are offset by^the much 
lower rate of Idss of the newly hatched 
fish. While Canada, France, and the So- 
viet Union are either experimenting with 
salmon ranching in the North Atlantic or 
planning to do so, Norwaj^ and Sootland 
are apparently sticking with farmijig.^^ 
Salmon ranch|ng has made great 
* strides in recent years- The number of 
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sinolts released ^froni hatcheries pro- that are nearer the* lop^ of the ac^uatic 



rtiiscs, to ovehevKc' number spawned 
naturally. If i,he growth that has been 
under way sinc e the early seventies con- 
tinues, the harvest could eventually ex- 
ceed the historic highs of a half-century, 
ago. Marine biologist William J, McNeil, 
who has ^worked with salmon for three 
decades, believes that "salmon ranching 
represents a visible step in a transition 
from a hunting to a* farming economy in 
the oceans^ 
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Fishery Prospects 

Substantial growth in the ' world (ish 
catch in the years ahead depends in part 
on whether now-depleted oceanic hsher- 
ies can recover. Of the 11 ^fisheries that 
the FAO lists as severely depleted, only 
the North Atlantic cod has partly recov- 
ered. The most recent catch was 762,000 
tor\s, roughly half the estimated poten- 
tial) There is reason to doubt whether 
some of the others will ever recover. The 
Alaska king crab fishery in the Bering 
Sea was closed in late 19S3, for example, 
but marine biologists do not expect to 
learn before the end of this decade a[t the 
earliest whether it will recover. ' 

When the vast Peruviag anchovy 
fishery collapsed, many thought its re- 
covery would be only a matter of time. 
Unfortunately, more than a decade has 
passed since its collapse but the aficho- 
vies have not returned in great mmibers. 
Although the fishery has sustained a 
catch of 1-3 million tons per year re- 
cently, it is but a shadow of its forttier 
self A 1983 FAO assessment comments 
that '*the early recovery of the anchovy 
fishery is only a very remote possibil- 

The fish that tend to be depleted first 
are Thp higher value ones> the predatory 
species such as salmon, cod, and tuna 



food chain. As these are overfished, har- 
vesting and production capacity is not 
^usually left idle; it shiffs to other, less 
desirable species. The Canadiiyi fisher- 
i<Cs minis tc^' clescribed (his process in 
great detail in 1977 con^cerning that 
CDuntry 's fisheries: y*In a consistent pat- 
tern, one stock after another has been 
fished down. In each case the sequence 
began with an explosive increase in 
fiM>ing effort by overseas fleets, resulting 
firs|. in a rapid increjise in catch, but fol- 
lowed invariably by a drastic decline. At 
this points the fleets jtMfte<l their atten- 
tion to other fiskJ^orking their way 
throtigh the traditlLial species to less 
desirable and ther<R)re previously On- 
touched stock. And^n the devastation of 
oifi* Atlantic fisheries^ Canada has been 
the loser from the outset."^* 



For the Third Worfd, th* Exchisive 
Economic Zones have helped offset 
the technological advantage in 
fishing that some larger industrial 
countries enjoyed. 



Perhaps the most important single de- 
velopment in oceanic fisheries ovec^the 
last decade has been some shift from dis- 
tant-water fishing, frequently repre- 
sented by factory ships and their as- 
sociated fleets, toward local fishing, as 
more and more countries extend their 
Exclusive Ec^onomic Zone to 200 miles 
offshore. For the Third World, these 
new zones have helped offset the te;^hno- 
logical advantage in fishing that some of 
the larger industrial countries had en- 
joyed in the competition for seafood 
products. In looking at the future of oce- 
anic fisheries, William Warner^ author of 
DisiarU Water, observes that **the ohe 
constant, the one certainty, is that the 
^ Richest meadows <>f the sea — the conti- 
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nental shelf and slope waters jlhat are 
home to 85 percent of the world*s har- 
yestable fish — are now a staked plain. Al- 
most everywhere, moreover, the staked 
lines that nations draw out 2Q0 miles 
fully encompass this plain. The fishing 
commons K)f the oceans have been* en- 
closed. ^''^^ With this enclosure, rtftponsi^ 
bility fof managing and protecting 
fisheries has been fixed. Whether it will 
be wisely discharged remains to be seen. 

Any assessh[)ent of future prospects 
for th^ world' fish catch must separate 
capture fishing and fish farming. While 
• the world is slowly recognizing that <J^e 
oceanic catch of economically useful fish 
may be very close to a sustainable maxi- 
mum» there are extensive opportonities 
for expanding fi'sh farrhing, particularly 
where land and water resources are 
abundant. Even as a certain amount of 
money is being withdrawn from distant* 
water oceanic fisheries, the funds spent 
on fish farming and ranching are ipcreas- 

As the scientific uqftfip innings offish 
culture broaden, farmers, corporations, 
governments, and intefnational devel- 
opment agencies ^are stepping tip their 
investmeitto in fish production. It is es- 
timated, for example, that farmers in the 
United States have invested s6me $400 

^million in catfish prodluctiion/acilities. In 
' " ' developing countpirm the World Bank, 
the Asian development Bank, an<| the 
Inter-Ameriiran DevMopment Bank are 

- all increasing the farming share of their 
fishery sector loans. 

The recent spate of investment in 
salmon ranching by both g0vernments 
and corpoi^tions is impressive and wel- 
come. A review of the salmon harvest 

.over thf past half-century shovs the 
catch peaking in the late thirties Just be- 
fore World War II, when nearly 350 mil- 
lion salmon were harvested. (See figure 
4-5.) During the next decade the harvest 
fell to 170 millt^i, than half the ear- 
lier peak. Overfishing^ stream obstruc- 
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tion by dams, and pollution were begin-^ 
nihg to take their toll. Between 1950 and 
1970 the catch remained remarkably sta- 
ble at this reduced level. Sipce 1970, 

, however, it has been tnoving steadil/ up- 
ward. Th^principal factor, in addition to 
quotas iirjpdsed on the catch, has been 
the enormous growth in the release of 
salmon smolt into the North Pacific from 
Japan, the Soviet Union, and the United 

. States.^^ 

Although i^t has taken 45 years, exten- 
sive research, and substantial funds, the 
world is finally catching as many salmon 
as it did in 1940. That is the good news. 
The bad news is tha^ world population 
has increased (Vom 2/2 billion ih 1940 to 
4.7 billion in 1984, thus reducing the 
salmon catch per person by more than ^ 
half Nonetheless this is progress: If the 
salmon fisheries had not bjeen rebuilt, 
the per capita catch today wOuld be only 
a quarter of the 1940 level. 

The rebound in the world salmon 
fishei7 during the seventies and early 
eighties is mirrored in the price of Onis ^ 
fish. From^ 1967 to 1979. the US. price 
of salmon — driven by rising incomes in- 
teractipg with sl>ort supplies — increased 
a phenomenal sixfcld. (See Figure 4-6.) 
As I he catch has rebounded since the 
mid-sevpnties and as per capita income 
growtlv nas slowed, salmon prices, have 
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turned downward, decliiilBg by some 45 
percent b^ween 1979 a\^*T983^^^ 

Analysts projecting a substantial con- 
tinuing growth of the world fish catch 
coward the end of this century i^sually 
expect there will be widespread use of 
currently underutil^fed species such as 
squid and Antarctic krilL Thc;vc is little 
q,U|^tion that the stocks of these two spe- 
cii^ can 'suiifK)rt lr)5ubstantially larger 
sust<tined catch. But biologically ade- 
quate stocks are only one of the condi- 
tionj^thal-miTST be'^atisfie^ if the pro-,^ 
jected increase in the world catch is to 
materialize. ' 

A review of the world squid catch 
shows considerably growth from 1970 
through 1979, from 932,000 to over 1.5 
million t6ns. Since then, however, there 
has been very little growth. (Se<rTable 
4-10.) Squid are heavily consumed in 
only a few countries, such as J^ipan and 
those along the northern Mediterra- 
nean. One consequence is that squid 
stt)cl(^3(are overfished near Japan and the 
east central Atlantic and Mediterranean. 
In other locations, stocks of this widely 
dispersed ^j^Wics have scarcely been 
touched. If sqliid is to contribute to a 
markedly larger end-of-century worljJ 
fish catcA, a taste for it will have to be 
developed among people who now con- 



sume little of this seafood. 
' Even more formidable 'obfflaCles con- 
front efforts to expand woi;l^ci>nsump- 
tion of krill, th^ small ^hrimplike §riis- 
taceans that are concentrated in^ vast 
stocks around Aiit^arcticarAlthoUghjthey 
are nyt all tljat difficult to catch they are 
costly to harvest' becant^cjr thej^ are 
located, far from principal population* 
ceftter^^Qatching a ton ofVrill requires 
roughfy a ton of oil. Since it is not a 
high-value seafood product, i)oth the en- 
ergy equation and economics of doing 
so are questionable.^* 

Beyond the poor economic? ojF catch- 
ing krill there is agj^in a problem market- 
ing a form oC^^rine protein for which 
there is liitte demand. Both the Soviet 
Union ahd JafTan, the leading harvesters 
of krill, are finding it hard to make a 
palatable product that is attractive to 
consumers. Unless this hurdle is over- 
come the krill catch may never increase 
faniliyond current levels, let alone reach 

ble 4-10. World Catch of Squid, 
1970-8? 




Year 



■ - \ 

1970 
4971 
1972 
1073 
1974 

1975 
1976 
1977 
1978 
1979 

1980 
1981 
1982 



.Qinntiiy 



(tho\isand metric tons) 

982 

9t0 
^ M50 
1.07(J 
1,074 

M8? 

1.207 i 
1,229 
1.328 
1.513- 

1.529 
1.354 
1,567 



source: United Nations Food and Agriculture Or- 
%W\t^t\oi\'Yearbo0k of Fishery Stntistks (Rome: vari* 
ou$ years). 
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* " ^ ' Maintaihing 

the tens of mUHons ol tons ihAt some 
enthusiastic marine biologists Ijiave pro-' 
jected. (See Talkie 4^1 1 .) - 

Another way to. boost the world fish 
cat^h would be to move down the oce- 
anic food chain. Rather than catching- 
the predators at the top of the chain, 
such as sahnon; the fishing industry 
could harvest species at intermediate 
levels — membei^ of tlie hen iug family, 
for example. Although this is technically 
possible, the shift in consumer tastes it 
would require would not come quickly 
or easily. 

Not all the factors influencing the fu- 
ture fish catch are within the control of 
those responsible for managing fish^^r- 
ies. Stocks of several species » such as the 
striped bass along the U.S. Atlantic 
Coast, are being reduced by pollution of 
the estuaries in which they spawn. In- 
creasingly, the sui*vival /)f breeding 
stocks of many key fish will be deter- 
mined by the local and national govern- 
ments responsible for controlling pollu- 
tion. Although theThame.s in die United 
Kingdom and the Potomac in Washing- 
ton, >4br example, are far cleanser today 
than they were a decade or two ago, pol- 
liKion in other key rivers anci estuaries 

Table 4-11, World Catcl) o1( Antarctic 
Krill, 1974^2 

Year Qjpantity 

(thoUvSand metric tons) 



1974 




22^ 


1975 


V . 


40 


1976 


t 




1977 




123 


1978 




143 


1979 




333 


1980 




477 


1981 




448 


1982 




530 ' 



soURgie;: United Nations Food and Agriculture Or- 
ganization. Yearbook of Fishery Statistics (Rome: vari* 
years). * • 
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has worsened. At the same time tha| the 
Potomac River got cleaner as a result o^ 
the stringent pollutiprt controls, 4he 
Chesapeake Bay into which it empties 
became far. worse. 

In looking >iihead, it' seems unlikely 
lh;U the world fish catch will grow 
di^matically or that the fall in per capita 
fish consumption under way since 1970 
'will be reversed. Any fmure growth in 
the catch is likely to be ward earned — 
whether it cojines from fish fanning or 
from expanding the oceanic catch. All 
indicatipiTSlJreThat the faUing per capita 
catchyof the last 15 years will continu^ 
ovci/the noxt 15, funther reducing ma- 
rinf protein consumption per person. 
/This brings us to the central issue of 
/my assessment of a food soured! How 
Uill the inability of the fish catch to ex- 
pand apace with population affect nutri- 
tiWi? A study on the Philippines by the 
InUMTiaiioiia^^ Living Aquatic 

Resource? ^ilanagement reports that 
**per Capita fish constftnption decreased 
47 percent from 1970 to 1980. The gap 
between supply and demand is generally 
widening and prices seem to be moving 
upward in a' predictable but rather strik- 
ing fashion. Many believe a nutritional 
crisis of serious proportions is emerg- 
ing."*^ This precipitoys decline reflects 
not so much a dropoff" in 'the catch as it 
does a decade of exceptionally rapid 
population growth, a decade when the 
number of Filipinos among whom th^ 
fish catch had to be divided increased b 
one third. 

One of the most comprehensive as- 
sessments of the future of fisheries was 
done by FAO and published in Agrtail- 
lure: Toxuard 2000. In projecting supply 
and demand for the end of this century, 
FAO analysts assiimpd that the demand 
for table fish will reach roughly 100 mU- 
lion tons, and that the demand tor fijth 
meal and other nonfood products will 
remain at least at the 20-million-ton 
level of recent years. Together these add 
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up to an end-6f-ceamry demand for fish 
of 120 million tons: On the supply sidtv 
the outlook is not briglU- Kven with rea- 
sonably optimistic assumptions, this 
U.N. organization does not think tht 
catch will extreed 93 million tons, wcH 
beiow the projected demand. The ana- 
lysts expect rising seafood prices will 

' choke off the excessive demand, bung- 
ing it, in to balance with the much more 
modest siipply,^^ 

T he bottom line of the FAO analysis is 

> rising rtsh prices thix>u{jfh the rest of the 



^ century and in all probability beyond. 
This may be annoying for Wesiem con- 
sumers who consider salmon or Alaskan 
King Ct^b legs /irdcHcacy. But it will be 
it\uch more than annoyhttg for those in 
Ihe Thi^d World whose Rv^lihoocls de- 
pend on fishing and for whom fish^is the 
principal animal source of protein. The 
s<xnario is particularly disturbing be- 
cause, the projected pJ ice ris<^s of oce^n 
based food resources closely paral 
those for gr^in and other 'agriculturally 
based food staples. 
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Protecting Forests 




and Acid Rain 



Sandra Pastel 



Over the past decadc> scienlist:j have 
amassed considerable evidence, that air 
pollutants, from the combustion of fossil 
fuels, both oil and coal, and the smelting 
of metallic ore^ are undermining sensi- 
tive fotests and soils. Damage to trees 
from pollutants sucK^s gaseous sulfur 
dioxioe an^ ozone is well documented. 
Recently, acid deposuion^more com- 
monly called acid rain— has emerged as 
a growing threat to forests in sensitive 
Regions. Acid deposition refers^to sulfur 
and nitrogen oxides that are chemically 
transformed in the atmosphere and fall 
to parth as acids in rain, snow, or fog, or 
as ihy acid-forming particles. Although 
this new hazard of the industrial age is 
known to have killed fish and plants in 
hundreds of lakes in Scandinavia and 
eastern North America, its links to forest 

This chapler app<^sired a$ W6rldwalch Paper 58, 
Air thUuHon, Add Rain, and the FuhiU of FomU. 



damage remain circumstantial. Yet stud- 
ies of sick a^id dying trees in EuropWand 
North America make the connection im- 
possible to ignore. 

Temperate forests hjive a long histoid 
^f stress and acidification, a history that 
provides a critical backdi'op for consid- 
ering the new strains of air pollution and 
acid rain. Since the end of the Itist Conti- 
nental glaciation 10,000-15,000 years 
ago, soilji have slowly formed from the 
sterile layers of gravel, sand, and silt left 
by the retreating jce, Pioneering plants, 
animals, and microorganisms aided this 
soil development, helping form an intri- 
cate cycle of nutrjfnt uptake and release* 
Death and decomposition of these in- 
habitants, then as now, generated acids 
in the soil. Where acids developed faster 
than other natural processes could neu- 
tralize them, the soils gradually acidified, 
a process that continues today* 



Sltttr of the n.VW— /9tVM 



Centuries of human vj^jcand i^busc of 
fore,st ecosyvstems have Added to this nat- 
ural acidification/ Many tempenue for- 
ests in Europe and North America are 
now recoverhig from decades of intejiise 
burning, grazing, ^nd timber cuttu>g. 
'1 he Spruce-fir forests of New England 
and the Adirojidacks. for example, had 
nearly all been clear-tut for pulp by the 
early Mwt^ntieth century t-^y8"^R 
often followed by burning^, that de- 
:5troyed the forest floor. As these forests 
recover, soil formation processes natu- 
rally increase the soiKs acidity.* 



The atmosphere receives about as 
much sulfur from human activities 
^as it does naturally frpm oceans, 
swiitnps, and volcanoes, ' 



Air pollutants and acids generated by 
industrial jtctivities are now entering for- 
ests at an unprecedented scale and rate, 
greatly adding to these stresses carried 
over from the past^Many forests in 
Europe and North America now receive 
as much as 30 times more acidity than 
they would if rain^nd snow were lalling 
throAgh a pristine* atmosphere. Acting 
alone or together, several pollutants— 
including acid-fonning, sulfates, and ni- 
trates» gaseous sulfur dioxide, ozone, 
and heavy metals — appear to place for-^ 
ests under severe stress. Needles and 
leaves yellow and drop prematureJy 
from branches, tree crowns progres- 
sively thin, and, ultimately, trc'es die, 
Evenjrees that show no visible sign of 
damage may be declining in gtowth and 
productivity. 

Although Americans must travel to 
isolated moiyitain peaks in the North- 
east to see massive tree disease and 
death, the loss of W?st Germany's wood- 
lands is now a potent political and emo- 
tional issue among that natton\s citi- 



"^iienry. **WaldsttMben"-^literally fVrest 
dehlh^has«become a household word. A 
survey ^n the silrnmer of^i983 showed 
that West (iermnus were v more con- 
cerned about the fate of their fot;e$ts 
than about the Vershing missiles to be 
placed, on their land later that yeaf.* 

Scientists cannot yet fully explain how 
thjs forest destruction is occuiring, 
.VVe«;ikencd by air poUutawts. acidic and 
inip^^yerished sojls, or toxic metals, trees 
may "^ose their ^x^s^stance^ to\ mrtutal 
eveiAts su(;h a? drought insect *i(iack^. 
and frost. In some caseiJ the poUutUnis 
alone may cause injury or slowdowns in" 
growth. The mcMtanisnis are complex 
and niay^ake decades of additionaH re- 
search t(V understand completely. iBut 
their cumulative efftrrt is becoming 
Irightenmgly clear. 



The Pathways of 
Pollution 

A varie4y of polkltants are imphc'ated in 
the forest damage and growth slow- 
downs now occurring,, but nuxnt can be 
traced back to sulfifr and nitrogen oxides 
emitted during the burning of fossil 
fuels and the smelting of metallic ores. 
Coal and oil contain sulfur ancKnitrogeti 
that are released into the atmosphere as 
gaseous oxide.s during combustion. The 
quantity of pollutant.'^ emitted depends 
on .the sulfur and nitrogch content of the 
fuel and, for nitrogen oxides, on the 
J/?T!|!^erature and efficiency of combus- 
tion. I he sullur content of coal, for ex- 
ample, varies from less than I percent to 
as much as 6 ppfeent. As a result, burn- 
ing a metric ton of coal may release 
kilograms of sulfur. Smelting, a process 
of separating a metal from it^ ore, also 
releases large amounts of sulfur dioxide 
into the atmosphere when the ore con- 
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^ins suUlir. Common meials such 
copper^ nickel, lead, and zinc arc 
J smelied largely from sulfm^bearing 

Over the past centilry, foVsil fuel and 
smelting emij?.sions have allcred the 
chemistry of the atmosphere at a rapid 
pace. Today the atmosphere receives 
about as much .suVur from human activi- 
ties as it doesi natumUy from oceans, 
swamps, and vokajuoes-— on (he order of 
l^^iOd mHlion tons per year. Yet most 
of thcf e emissions occur on just^ 5 pi 
cent of tlie earth's surface, primarily the 
industriinl regions of Europe, easiem 
NenM^ America, and liast Asia, hi U^ese 
areas» energy combustion and sm<;lting 
add times mor<* sulfur to the atmo- 
inhere than nature does. The smelter of 
(he Intexnaiional Nickel Company near 
Sudhui7, Ontario, for example, annually 
spews out moi'e than twice as nuich siri- 
fur as Mount Saint Helens disdiargea 
during its recent most active yCar of vol- 
canic eruptions. Emissions of nitrogen 
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(^ompoun^jfs are harder to estimate, but 
the ones from humatx sources also far 
excecTl tho!je from natural sources in 
nxan^^ndiistrial areas. In (he Utiited 
States, human sources are ihoughi to ac- 
count for 75-90 percent of niirogen ox- 
ide^in (he air,^ 

Fossil-fueled powei plants, industrial 
boilers* and nonfenous smelters lead 
the list of suUur dioxide (SOj) emitters. 
The reh\tiv(^ contribution of these 
gources can' vary substantially in differ- 
ent countries, (See Table 5-1,) Electric 
utilities account for two thirds of these 
\missions in the United Stales, for exam- 
jile, and in West Gcnnany, they account 
fot over half In Contrast,, Canada's elec- 
tric utilities contribute only 16 peixent 
of SOj{ cmissions.^while abou^ doxen 
smeltets emit neat ly half. Motor vehicles 
add little to sulfur emissions, but their 
internal combustion engines ar^ the big- 
gest soJirce of nitrogen oxides (NOx) in 
most ipdystrial comuries. In the United 
State '-Canada, and West Ciermany, cars 



Table 5-K $ulfut Dioxide and Nitrogen Oxide. Emissions in Seloeted Cou^tries^ 

* .• "* 

Sulfur Dioxide Nttroircn Oxide 



Emissions 


United 




West 


United 




West ! 


and Sources 


States 


Canada 


-Ccnnany 


Slates 


(jimada 


Germany 






(million metoc tons/year) 






Total Emissions 


24.1 


4.77 


3.54 


10.3 


1.83 


3.0 






*• 


(percent) 








Emissions by Sector , 


66 


16 


56 


29 


13 


31 


Electric Utilities 














Homes, Businesses 


3 


4 


13 


4 


5 


5 


Industries 


22 


32 


. 28 ' 


22 


20 


19 


Smelters. Misc. 


6 


» 45 




1 


1 . 




Transportation 


3 


3 




44 




45 


: Total 


100 


100 


100, 


100 


100 


100 



4980 figures for UnUcd*St»te5 atW Canada; 1978 for West Gcnnnny, ^ 
soUHCts: U,S, and Caiiud^iii data (rotxi Environment Canada, Umud Statis-Camda Mmorandum qj Intetxi on 
TttinsbounJary Air Poitution: Exicutivt Summariis (Ottawa, Ganad^i: 1985): We>t Gcmian data from Federal 
Minister of the Interior, "The federal GovemmenQi ^cply to the Interpellation of the Depmics: Air 
PoIUuibn, Aild Rain and Death of For^st-v" Bonn. Au^^t 25, 1982, translation irom the Gcnnan by U.S. 
Congresnionai Research Service* 
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and .tnicks account foV roughly half of 
NOx cnmsions, while utilities generate a 
third or less.and induJ^iriciJ ;^bout afi(\h. 
Pollution {xo\t\ fcs^il fuel combustioM 

' diucjii back wclboNUr^ a ccntury\ to the 
iVidusirial Revolution. Coal uscd to heat 
homes and filel fac^tories generated a 
pall of smoke and haze that hung persis- 
tently over many cities in Europe and the 
United States. As the nui^iber of facto- 
ries and hoiTfcs g[fcw. the problem worn- 
"'Cned and many cities had to be^jin-con- 
trolling urban smoke. But emi^ssions of 
sulllir and nitrogen gxides, afjtfhg with 
other combustion polhuants, continued 
to rise. Sulfur dioxide, errfo^ons began 
to mcrease rapid(y in Ivurppe after 1950 
when many countries tut:ned to high-sul- 
fur oil. By I970» annual SOj omissions 
had climbed to v5() milHon,t6ns; iwo-and- 

- a-hall' times the level at mid-jc'entury. 
Similarly, SO^ emissions ib bo.th the 
United States and Canada Vo^c by -10 
percent between the early ^fifties )md 

T mid-sixiies,'^ \r v 

Severe pollution epist)dcsV thai re- 
sulted in scores of deaths iit )[)oUora, 
Pennsylvania, in 1948 'London iHV*9^^2> 
and New York City in the early sixties 
drove home the hazards of polluted city 
air. Spurred by these threatjt to buti^au 
health^ as well as by a rising tide of -enyi- 
ronmenial awareness, m-^ny count r^(.\s 
enacted pollution control law$ that 
mainly targetecl sulfur dioxi.de and par- 
ticulate concentrations in the air."S(\ 
emissioiv? were first reduced primarily 
by switching from high-rSuHur to lower- 
sulfur fossil fuels. In the seventies, some 
countries began requiring new plants to 
install equipment for removing sulfur di- 
oxide from smokestack emis*>ion5. As a 
result, the SO^ being added to ihe atmo- 
sphere in North America peaked in the 
mid-sixties and* since then has fallen by 
14 percent in the United States to about 
24 million tons per yeaK In Canada, sul- 
fur diOxide/missions have dropped back 
to mid-fiftfes* levels of about 4 .8 million 
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tons per year,^Thcy have alsq, stabilized i 
or declined slightly in Ciir<i||^, though *^ 
the levels vary from country to counuy,® 
Governmentf)olicies have paudi far less 
attenjiojp to nitrogen oxides. ^Fhis gas 
\^:c\)> not considered as a great a heaUl) 
hazard, and smce it was odorless it 
caus(^m\ich less of a nuisance than sul- 
fur, with its roiteti egg smelf Uiicorr- 
(roUed discharges from j^owck- plants', 
and es^>ecially the buxgO(>nin^ use of ;ni- 
tomobdes in the la^three decades, ^et 

. NOx ^ rapidly nSp^^ Nitrogen 
oxi<le emissions are n^xder fo estimate 
thJin sullur'djoxide, since ihey ^xfi deter- 
mined by factors olhe^ than just the ni- 
trogen content of the fuel. But they iisp - 
ii;x* thought to have risen dramatically 
over the last several decades» possibly 

. doubling in Europe between the late 
fiOies and early seventies. In West Cer- 
many, for example, NOv emissions rose 
by 50 percent between i96(> and 1978, 
. North /^lerica shows siniilar trends: 
Since the fifliOs nitrogen : oxide emis- 
sionj have roughly jdfoubled in thc^ 
United States and (Hpled in Canada. 

One consequence the driye to pu- 
rify urban air over the last couple* 
decade* has been construction of tall 
sn\okestack,s to better disperse polkw 
tants intd the. atmosphere, I ^lese vStacks 
• sent pollutants travehng hundreds of 
kilometers before returning to the 
C*arth\s land and waters, which may ex- 
plain hoAv extensive forest declines cUn 
be unfolding fur from major industrial 
and . urban centers, The International 
Nickel Cotnpany's 380-ineter ''super- 
stack/' for example, '^replaced .three 
shorter stacMf in 1972, Measurements 
have since slrown that, virtually all the 
sulfur and 4^ percent of the heavy met- 
als added to th<? atmosphere by this plant 
travel more than 60 kilometers from the 

^ smelter.^ ' ' ■ - 

Unlike industrial emissions of carbon 
dioxide, which accumulate in the atmo- 
sphere. virtiiaHy ail the sulfur and nitro- 
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gen oxides that go up eventually come 
dgwn in one form or another. Some re- 
turn essentially unchanged as gases. 
Some are de;posited in dry lorni on sur-* 
faces such as leaves and needles, where 
reactions with niQiv^RTu e can form acids. 
1 he longer the (;xides remain in the at- 
(posphere, the m6re likely tl^ey are to 
undergo oxidation to s\iHuric and i\|tric 
acid, the constituents of acid rain. Under 
certain conditions, some of the nitrogen 
oxides react with hydrocarbons to form 
ozone. Further compU<!atuig the matter, 
ozorte can in turn speed up the transfor- 
mation of sulfur and nitrogen oxides to 
acid-forming sulfates and nitrates,^ 

In light of these i^iileractions, trying to 
single out one poUutai;it as tho cause for 
fofest damage would be difficult. Tree.\ 
in a given loxration can be aflTec.ted sim?.!!- 
taneously by Several pollutants in a vari- 
ety of ways. Moreover, each pollutant 
may affect the formation and fate of oth- 
ers. If ozone helps form acid rain, trees 
dyirtg primarily from acid rain are dying 
indirectly and in part from oV.one. Re- 
cent publicity focused on acid rain has 
tended to ignore its common origins and 
interactive effects with these other dam- 
aging pollutants.. Divorcing acid rain 
from the coinplete pollution picjLure in- 
this way. coculd lead to^neffective strate- 
gies to control u and, more importantly, 
may prevent other damaging pollutant^ 
such as ozone ftom getting the attention 
they deserve, JNonejiheless, acid deposit 
lion is of special concern because of its 
pervasiv'l&ness, its insicKous >vays of in- 
flicting damage> and its potential long- 
term consequences. 

Although acid rain was recognized 
over a centui7 ago, only ih the last three 
decades has the phenomenon become 
widespread. In broad areas of eastern 
North America* and northern and central 
lEurope, the annual pH of rain and snow 
now averages betvyeen 4 and 4.5". The 
pH scale> commonly used to express 
acidity, ranges from 0 to 14> with any- 



thing less than 7 considerecl acidic. The 
scale is logarithmic; a decrease of one 
tmit means a tenfold increase in acidity. 
(Vinegar, with a pH of about 3, for exam- 
ple, is 100,000 limes more acidic than 
baking soda^ whjch has a pH of 8.) Rain 
falling in preindustrial times is thought 
to have been in the rAngc of 5.6, slightly 
acidic from interactions with natural car- 
bon dioxide in the atmosphere. Precipi- 
tadion irt many industrial regions is now 
10--30 times more acidic thgn would-be 
expected in a^ pollution-free^ atmo- 
sphere, 

,The precise mechanism by which acid 
deposition may be damaging forests is 
not known. Sulfates and nitrates raining 
down as, acids have drastically different 
effects on different forest stands^ and 
even on different tree species in the 

Jn\e forest stand. Incoming acids affect 
teractlons between the soil and living 
biotnass of an ecosystem in complex and 
varying ways, vSoil structure and compo- 
sition, vegetation type, climate, and ele- 
\atio|^ are only some of the natural de- 
termining variables. Yet research over 
the last decade has uncovered some 
common effects of acidity that point to 
several pathways by which acid deposi- 
tion can threaten forests, 

Tree^ derive their niitrition primarily 
from elements such as calcium, magne- 
sium, and potassium that are weathered 
from minerals in the soil. Acid deposi- 
tion adds to the soil hydrogen ions that 
displace these iihp6rtant nutrients from 
their sites, where they are bound to soil * 
particles. Soils with a pH of 5 or more 
are seldom in danger since they have 
plentiful calcium carbonate (the con- 
stituents of lime) or silicates (which have 
abundant calcium^ potassium, and/or 
magnesium) that effectively neutralize 
the acid ions. But* soils with lower pH 
levels have few^r of these buffering 
agedts,^so incommg acids leach ealcium 
aqcr magnesium from them. Large areas 
of thex southeastern United States, of the 



Appalachisfri, Adirondack, andJNew En- 
gland mountairf ranges^ of the (Canadian 
shield of eastern Canada, and ^of Scan- 
dinavia» for example, are underlain by 
slightly acidic^ poorly buffered soils "that 
are especially susceptible to this process- * 
Although soil changes gei^erally take 
place oyer a long period of time, siudi<^s 
in Sw e(|en suggest that substantial leach- 
ing of nutrients from sensitive soil^ can, 
occur in just a decade,^* 

_i i 

\ 

Of all the pathways by which air 
pollutantsi^ can affect forests, 
Changes in the soil are the most 
foreboding. 



Sulfates and nitrates, the other key 
constituents bf acid deposition along 
with hydrogen ions, can initially have a 
fertilizing effect on many soils and for a 
time may factually boost tree growth, 
F^^rests in Scandinavia and portions of 
West Germany seem to have shown thiS|, 
effect. Yet this enhanced growth is short- 
lived, for eventually these '^fertilizer** 
supplies exceed the forests* capacity to 
use thqin- Sulfate saturation usually pre- ^ 
cedes* nitrate saturation, but excess 
quantities of either or both simply pass 
through the soil, carrying vital nu^trifents 
%vith' them. With forest productivity 
closely tied to nutrient availability, this 
leaching of soils by hydrogen, sulfate, or 
nitrate ions eventually redui^s forest 
growths ^ ^ 

Research also has shown that heavy 
metals— either mobiHzed in the soil or 
introduced frpm the atmosphere — may 
be involved in the forest damage now 
occurring. Dr. Bernhard Ulrich, a soil 
scientist who has studied damaged 
beech and sprpce forests in the Soiling 
Plateau of West Germany for nearly two 
decades, hypothesizes that as soils be- 
come increasingly acidic, aluminum — 
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which is nonnally harmlessly fc^ound in 
soil minerals-^becomes soluble and 
toxic. The fr^e aluminum attacks the 
root system, making a tree less able to 
take up moistdre and nutrients aqd to 
protect jtself froiyi insect ^ttacks and 
(droughts. V 
^Frace amounts of heavy metals can 
also enter the forest from the atmo- 
sphen|r Combustion of fossil fuels, 
smelliw, the burning of leadcH gaso- 
line. anXrefuse incineration are major 

; sodrces ok trace metals in the air In the 
United St^Kes, field and laboratory re- 
search at the University of Vermont sug- 
gest that heavy metals and acid deposi- 
tion act^ynergistically on forest systetps, 
stunting the growth not only of trees, 
but of mossef. algae, nitrogen-fixing 
bacteria, and fvmgi tha( are essential to a 
forpt s healdwBctween 1965 and 1980, 
metal concentrations have markedly in- 
creased in the soils on Camels Hump, a 
site of massive spruce dieback in Ver- 
mont's Green Mountains* Lead concen- 
tration doubled, while that of copper 
rose by 40 percent and zinc by 70 per- 
cent. These metals are brought into the 
forest with the rain and f^og, which in the 

'Vermont mountain peaks^aye average 
acidities 100 times greater than **pure" 
rain. Researchers at the Oak Ridge Na- 
tional Labot^tory in Tennessee have 
analyzed tree cores and tbund higher 
metal concentrations in recently formed 
wood. These cores, taken from southern 
Appalachian trees, showed concentra- 
tions of zinc, copper, chromium, and 
aluminum generally high enough to be 
toxic. 

Of all the pathways by which air pollu- 
tants can affect fdrests. changes in the 
soil— whether by nutrient lca<^ng, ac- 
cumulation of heavy ntetals, or mobiliza- 
tiop> of toxic aluminum — are the most 
f<5rebodirrg» In sensitive ecosystems 
these changes may be irreversible, thhs 
harming not only matiyre trees now' 
standing, but the seeds s^nd seedliruj(s 
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thai will become ihe foix\sLs of chomexi 
generation. Young trees in the b^ech 
forest studied by Dr. Ulrich in West g\- 
many have great difficulty rogenevftting, 
ajpiparenlly because of acidity in the 
upper soil layers. The number spruce 
and maple seedhngs on Camt'ls Hump lA 
V^ermont has declined by about half over 
tl]e last two decades, and the number of 
spruce seedlings in the higher elevations 
of New York s Whireface Mountain has 
dropped by 80 percent 

Sulfur and nitrogen oxide gjKSes can 
. also Vnter trees directly through their 
leaves or needles, much as carbon diox- 
ide is taken in for photosynthesis. These 
pollutants can -alter the trees' metabo- 
lism and ability to produce food, and 
thus its productivity and growth. For- 
estry experts at the 1982 Stockholm 
Conference on Acidification of the Knvi- 
ronment reported that tree gro\\;th can 
apparently slow when average vearly sul- 
fur dioxide concentrations run a§ low as 
25-50 micrograms per cubic meter, lev- 
els that prevail over large portions of 
Europe,*® For comparison, the national 
annual ambient air quality standard* for 
sulfur dioxide in the United States is 80 
micrograms per cubic meter, and the 
European Economic r>ommunity (EE(^) 
standard is 80--r20. Thu* air quality lev- 
els established to protect human health 
appear too lenient to protect the health 
of forests. ^ f 

Dry sulfate and^ nitrate particles 
deposited on moist foliage can form 
acids that leach nutrients from^ leaves 
and needles much as they ^re leached 
from soils. West German scientists ha\V 
found magnesium and calcium deficien- 
cies in the needles of declining spruce 
trees in the Black and Bavarian forests of 
southern West Germany. They suggest 
that acid deposition, aided by ozone that 
first attacks the needle's outer surface^s 
weakening trees through the foliage as 
well as the soil.*^ 
Ozone by itself has been found to 
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damage trees when concentrations of 
100-200, mictogiams per cubic meter 
la?( six to eight hours a day for several 
days/This is -roughly two* to three times 
greater than natural background levels 
on a typical summer day. In many rural 
areas of Europe, average daily concen- 
tratioas are regularlvMn this range, and 
peak levels can be up to 10 times natural 
levels. (See T able 5-2.) Acute stress from 
^ Ihese episodic peaks may worsen dam- 
age Qiuscd^' high average concenti^- 
• tions. ^Omo scientists, studying the pat- 
tern of spruce an4 fi« dieback in the 
Black Forest and The state of North 
Rhine Westphalia a>ntend that ozone is 

Table 5-2. Summer Ozone 
^ Conceniratious, Seleeted European 
Countries ^ 

Increase 
Daily 
Average 
Upper over 
% Daily • Natui^l" 

Average Peak Levels" 



"(micrograms per (percent) 
cubic meter) 



Nether- 


80-,! 30 


500 


180 


lands 








"West Gcr- 


100-150 


400-500 


200 










United 


90-165 


200-500 


2M> 


King- 








dom 








Belgium 




300 




France 


70-120 




. 100 


Nonvay 




■^200-300 





* rhr midpoint oftlic upper daily average range 
is used for this calculation;. "naturaP' ozone con- 
centration assumed to be 60 micrograms per cubic 
meter. ^Daily average figures for West Germany 
are from the Black Forest; the prtik values are fre- 
quently recorded in niral areas. Peaks in Blafck For- 
est typically are 110-180 micrograms per cubic 
meter. 

source: Environmental Resources Limited^ Add 
Rain: A Revmv of ihe Phenomemih.xiithe EEC md 
Eumpe (London: Graham A: Trot manl.td., 1983). 
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an important factor, and possibly the — now show s^ns ol injury linked to air 



leading <Mi\i$e there. 

No single hypothesis can account for 
the varying patterns of forest destruc- 
tiort observed. A reasonal^le explanation 
for the decline on one site may appear 
infeasible (or another. Although these 
complexities frustrate the search for a 
clear-cut cause and effect, tKcy^i^rc not 
surprising. Apart from their unique 
pathways of destniction, air pollutants 
are most simply understood as a biologi- 
cal stress. Just as stres^v is manifest in 
human beings differently — for example, 
as ulcers or high fJlood pressure — air 
pollution stress on trees shows up in a 
variety of ways depending upon Uie tree 
species, soil type, and the spet^tf^* pollu- 
tants involved. Pollution-induced stress 
weakens a biological system and makes it 
mi^rq>,\susceptible to harm from natural 
stresses. In the Appalachians, strong evi- 
dence exists that the growth of trees has 
become more closely tied to tempera- 
ture and rainfall over the past few 
decades, a sign of increased stress."^ 
Droughts may have triggered the fir die- 
back in West Germany in the late seven- 
ties and the spruce decline on Camels 
Hump in the mid-sixties. Insect infesta- 
tions and root fungi have been linked to 
forest damage in the United States aild 
Europe/ Yet these natural factors alone 
seem insufficient to explain the sus- 
tained patterns of dieback and declinew 
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pollutants. No nation has better docu- 
mented the destruction within its bor- 
ders than West Germany, wh^^re foiVsts 
cover 7.4 millioVi hectares — roughly a 
third of the nation's land area. Following 
an extensive survey ui 1982, the Federal 
Minister t)f Food, Agriculture and For- 
estry e.yiniaiecl that 8 pevcent of West 
Germany's forested area was damaged. 
Just ajyear later» more thorough investi- 
gation found damage on over 2.5*miHion^ 
hectares — 34 percent of the nation's for- 
ests. (See Table 5-3.) A third survey con- 
ducted in the summer of 1*984 appar- 
ently confirms that the destruction is 
worsening: Half the trees are reportedly 
damaged. Visible injury typically takes 
the form of yellowing and early loss of 
needles, deformed shoots, deteriorating 
roots, a pwgressive thinning of tree 
crowns, and, in its severest stages, tree 
death. The symptoms appear on trees of 
variou3 ages and in forests of both single 
and mixed species.*^ 

The destruction appears worst in the 
heavily wooded Wesi German states of 
Bavaria and Badenji WUrttemberg, home 
of the famed Blac^^'orest. Nationwide, 
the 1983 survey sh<^ed that threer^cijiar- 
ters 6f the fir tre^s were affected, up 
from 60 percent in 1982. pamage to 
spruce, the most important spefies for 
the forest products industry, had risen 
from 9 to 41 percent, and a similar in- 



Whether as a predisposing stless or a ---<^ase was evident with pine. These 



primary cause, air pollutants appear to. 
figure prominently. 



The Signs of Destruction 

In just a few years, forest damage has 
spread with frightening rapidity through 
portions of central Europe. Trees cover- 
ing more than 5 million hectares — iin 
area nearly half the size of East Germany 



three conifer species, which together 
represent two thirds of West Germany's 
forests, are the most severely stmck. But 
damage has also been found atnong 
hardwood species such as beech and 
oak. Since most, trees in the advanced 
stages of decline are removed from the 
forest, more have been affected than 
even these alarming survey results indi- 
cate. Dr. Georg Kraii^e of the Land Insti- 
tute for Pollution Control in Essen 
stated in 1983 that **hardly anyone 
in Germany denies the great danger 




to forest ecosystems ^ 
In neighboring yxc^osjiivjik^ 
damage covers an estimaftcd halirniiUimi 
.^hectares. Trees on soi/e 200,005 \\pC' 
cares are believed to "be severely dam- 
aged, and tlipse on- 40,000 hectares in'^ 
the Erz Moumains reporicdly have died. 
- /Dead and dying trees are'plainly visible 
northeast of-P^4g]^e in the Krokonosc 
y National Park, which hjas 34.000 hect- 
ares of forest, mostly, populated with 
spruce. Not only are thc^pru^K dying, 
they reportedly stopped r<fgenerating in 
•th^ park*s mineral soils several years 
ago. Further north, in Poland, anotlier 
half-million hectares of forest are 
aflFected. Researchers in Katowice, near 
KraKow, say that fir trees are dead or 
dying on nearly 180,000 hectares and 
that spruce trees in areas around Rybnik 
ancj C/.estochowa, also in the industrial- 
ized southern region, are completely 
gone. Environy|p>u\l srientists warn that 
by 1990 as ma^as 3 million heciares of 
forest may be lost if Poland proceeds 
with its present industrialization plans, 
which call for increased burning of the 
nation's highVulfur brown coals, 22 

Forest dijjfage in other European 
countries may not be as well docu- 
mented, but collectively the accounts 
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sjuj^port Jie a^owitig evideni^e of un-^ 
jJtececlentVdWd^ devastationc^An es- 
tiinajed 400,(^Q^ hectares of forest are 
aJfectecl in Austria. Acute damage to 
pine tr ae^ was founds in areas of the 
Netheirdffl^ tbj^ spring of 1983, and 
pine hi oyerl wide area in the east- 
ern part of the cfAjntr)' are noSv losing 
needles prematurely. Some 12 percent 
ofl^st Germany'? forests arc^elieved to 
be affected, and specialists' in Romania 
have noled that 561)00 of that nation's 
6.3 million he^ares of forests have been 
damaged by industrial emissions! In 
parts of Switzerland, 25 percent o\th^ 
trees and 10 percent of the spruce re-) 
portedly have died within a year. Var^/ 
aceounts also claim that trees are siitter- 
ing from air pollution in France. Italy, 
the United Kingdom, and Yugoslavia. 

In the late autumri of 1983, early signs 
of tree injury began to emerge in north- 
ern Europe as well. Sweden, whose 
dyimg lakes first brought international 
attention to acid rain, now appears to 
^ i\ave forest damage. Symptoms similar 
to those of the declining forests of cen- 
tral Europe have been reported by pub-^ 
lie and private foresters primarily in the 
southern and western portions of the 
counn y. Spruce and pine show the most 



Table 5-3, West Germany: Forest Damage, 1982-83 

Area Showing Damage Portion of Forest Affected 



vSpecies 



1982 



1983 



1982 



jJ83 



Spruce 
Fir 
Pine 
Beech 
Oak 
Others 



(thousands of heciares) 

270 IJ9I 

loo 134 

90 636 

50 332 

20 91 

. 32 158 



. 41 
70 
43 
26 
15 
17 

source: Der Bundesministcr Fur Ernahriinj^, l^ndwirtschaft und Forstcn, "Meuariiire Waldschaden in 
dcr Ikindwcpnbiik DciKschbiid," Bonn, Onober 1983, 



Total 



562 



2,545 



S 

9 
60 
5 
4 
4 
4 

8 



(percent) 
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mjury. Although oflicial estimates of 
damage are not yet available, early indi- 
cations are that 10 percent of the timber 
stock in certain regions may be affected. 
In southern Norway, spruce apparently 
are al5io showing injury. Ancf-o rare envi- 
ronmental report from the Soviet 
Union's Communist Party paper Piavda 
recently revealed that vasl areas of forest 
.are dying from air pollution near the au- 
tomobile-Vnanufacturing c^ty of To- 
gliatti, about 1,300 kilometers east of 
Moscow. According to l^avda, nearby 
forests along the Volga River may so(hi¥ 
resemble a wasteland. 

Unable to attribute this widespread 
destruction (o ^natural events alone, 
scientists turned their attention to air 
pollutants, primarily to sulfur dioxide 
and the acids in(o which it transforms. 
Scienjtists surveying West Germany's 
forests found that damage was greater 
on west-facing mountain slopes exposed 
to more rain and fog and thus probably 
to more acid deposition. The needles of 
ailing conifers in portions of Bavaria 
near the Czechoslovakian border con- 
tained more sulfur than those of healthy 
trees. Yet injured trees elsewhere have 
not shown this effect. Moreover, forests 
are suffering on both acidic and alkaline 
soils and in areas where atmospheric, 
concentrations of sulfur dioxide are low. 
Consequently, attention is broadening? 
to coHvSideration of the combined effects 
of gaseous sul^^|k|)d nitrogen oxides, 
heavy metals, MjjPrzone.^* 



According to Pr^vda^ nearby for- 
ests ^alo^g the Volga River may 
soon resemble a wasteland. r 



Although forest destruction of this 
same magnitude is not visible in North 
America, trees are S*uffering there as 
well. In the United States, forest damage 
is most evident in the mountain ranges 



) 

' of the East, where field and laboratory 
studies have documented not only tree 
disease aVid d^nith, but also sustained 
slowdowns in growth. From the Appala- 
chians of Virginia and West Virginia 
northward^to the Green Mountains and 
Whtte Itlountains of New England, red 
spruce is undergoing a serious dieback, 
a progressive thinning {\o\r\ the outer 
tree crown inward. Damage is most se- 
vere in the high-elevation forests of New 
York, Vermont, and New Hampshjlre. By 
the spring of 1984, researchers had de- 
tected serious spruce damage as far 
south as North Carolina's Mount Mitch- 
ell-— the highest peak in eastern North 
. America — and tree deaths were ex- 
pected to be identified in other areas 
soon thereafter. Because of high precipi- 
tation rates and the ability of conifers to 
intercept cloud moisture, many of these 
high mountain forests receive three to 
four times more acid ^deposition than 
tho^e at .lower elevations. In addition, 
the soils of some of these forests have 
shown a marked increase in lead concen- 
tration over the past two decades, be- 
lieved to come almost entirely from the 
atmosphere. 

Detailed documentation of red spruce 
decline has come from research on Cam- 
'els Hump in the Green Mountains ^of 
Vermont. There, with the benefit of two 
detailed tree inventories spanning the 
period 1-965-79, researchers have f^md 
that seedling production^ ti^ee density, 
and basal areU have declined by about 
hall. In 1979, over half the spruce on 
^ Camels Hump were dead. A 1982 survey 
thro^ighout the Appalachians has led re- 
searchers to conclude that spruce are de- 
clining over a wide area m a variety of 
forests. So far, no such decline is evident 
in commercially valuable stands found at 
lower elevations in northern New En- 
gland and Canada. Yet in Hght of the 
large wood-volume declines on Catnels 
Hump since 1965, botanist Hubert 
Vog(;lmann of the University of Ver- 
mont warns that **if such losses in only a 
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few years are representative oCvk gcnei^I 
f decline in forest productivity, the eco^ 

^ nomic consequences for the luitiber in- 
dustry vfill be staggering. 
" Studies on three varieties of pine in 
the New Jersey Pine Barrens provide the 
^ most convincing evidence to-diite (Jha 
acid deposition may reduce tree gj^tvth 

^ Analysis of tree rings shows thiU (hese 
Dtnes have undergone a dramatic reduce 

V"on in annual, growth over the past 25 
years, a pattern of decline not evident 
elsewhere in the 125-year tr^e ring re- 
cord. Growth rates corresponded closely 
tq the acidity measured in tieai by 
streams, whith in turn is a good index of 
the acidity of rain. With other factors 
such as drought, fire, insect pests, and 
ozone apparently not responsible, acid 
i^in emwged as a likely cause. The re- 
searchers concluded' that no other 
events ifc the trees' growth history are 
**as widespread, long-lasting, and Sever^ 

' in their elfects/*^^. 

Although acid deposition's link to tree 
injury is stWl debated, scientists have 
firmly documc;i^tey tree disease and 
death from ozone and other pollutants 
in the "^family of '^photochemical oxi- 
dants/* Ozone forms from nitrogen ox- 
ides reacting with hydrocarbons (pro- 
duced mainly by automobile engines) in 
the presence of sunlight. Its formation 
and concentration 4ire often closely^ed 
to weather patterns and geogtapny:. A 
highly cc)ncentrated mass of pollutants 
mixing under sunny conditions is a ripe 
setting for ozone's creation^ 

Ozone has killed thousands of pine 
trees in the San Bernardino Mountains 
east of Los Angeles, California, a city 
now infamious for its yellow-trqwn 
photochemical smog. Tr^c injury w^s 
evident as early as mid-century as air 
pollutants from the growing urban area 
were carried east by marine winds. As 
pollution has| worsened over the past, 
three decadesi losses of the stately pon- 
derosa and Jeffrey pines have increased 
dramatically. Researchers discovered 



"^that 4-6 percent of the^e trees in higher^ 
elevations died over a six-year period. 
Losses have been greater in the western 
part of the mountain range, which rc^ 
ceij'es n^ore poUutiorf. Moreover, the 
growth rings in ponderos?* pinc^ cores 
show that annual radial gi owth declixied 
38 percent over 194 1--7 1 compared with - 
19 1 (MO, a decline attributed to the tbe 
in air polliUants. In areas receiving me 
- highest ofone doses, the markewtble vol- 
ume of 30-y^ar-old pines decHned by 83 ' 
percent. The researcher.^^9ncluded that 
"this reduction in ^ ow4h^ along*with air 
* pollutant, caused trfee mortality, -^ombine 
ao limit pt oduciiolti of timber in the San 
' Bernardino Mountitins/*^^ 

SimilaV damage from ozone appe}j|r$ to 
be occurring in the Appalachi^uis. Esti- 
mates^now are that 4-5 percent of the 
eastern white pines are dying in the 
soutijern Appalaohia^iis and the Blue 
Ridge Mounmins atid north into Penn-. 
sylvania and Ohio. Both here and in the 
San Bernardinos, dafliagc is exacerliated 
by insects attacking trees that are weak- 
ened by air pollutants. Along with tree 
mortahiy, stvidies of Appahidiian pines 
have also shoyyn substantial growth 
slowdowns. 

High l^^vels of ozone and other gase- 
Oiw pollutants* are als<!) a problem in 
some developing countries. tJrban areas 
situated in Valleys surrounded by moun- 
tains> such as^ Mexico City* Guatemala 
City, and C^iracas,. are becoming heavily 
polluted from automobile emissions. 
IVees are dying along heavily traveled 
corridors in Mexico City, and uncon* ^ 
trolled burning of leaded gasoline is of - 
increasing concern in Guatemala City 
and Malaysia. In .some of these regions, 
unfortunately, governments are en- 
couraging polluting' industries^ to move 
to outlying areas or to build higher 
smokestacks — precisely the strategies 
believed to have worsened acid rain in • - 
the rural areas of industrial countries.^* ^ . 

Yellowing and ea,rly loss of needles, 
dieback of tree proWns, and ultima^ly 
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. tree death are obvious signs that forests 
are suffering. And as ihdicated, nieasure- 

* ments x)f tree rings on wealftned trees 
have shown in many cases that these visi- 
ble symptoms are accompanied by sub- 
stantiar and sustained reductions in 
growth rates4iBat ejven more disturbing 
is that growth and productivity can be 
declining in trees that show no visibl^p 
symptonrs at ^U. Tree-ring measure;- 
ments on tens of thousands of trees from 
Maine to Alabama have shown growth 
rates 10-40 percent lower than expected 
over tbf last two or three ^ecadeS. These 
declines are evident in a)^^lf-dozen soft- 
wood species, including some of great 
commercial value in the southern United 
States, Having documented (his **hidden 
injury'* for white pine growing in th^ Ap- 
palachians, researchers .at the Virginia 
Polytechnic Institute and State Univer- 
sity concluded that it is ''highly probable 
that growth loss in f^rfsts jA^ibjected (o 

' low^levei and long-tei m e\posure? to ail* 
pollutants may be occurring unnoticed 
and/or unevaluated.'*^^ 

7he ultimate severity and extent of 
tree damage throughout the wCrld is an 
open and urgent question. As forests not 
yet showing injury remaijKexposed to 
acid deposition and high pollutant con- 
centrations for longer periods of lime, 
the damage may well spread. Moreover, 
if growth slowdowiis are occurring un- 
noticed, air pollutants may be quietly 
undermining the productivity of large 
areas of temperate forests. 



Economic and Ecological 
■ Costs r - . 



^the coujntries of Western Europe harvest 
about hatt as much wood as Canada and 
the United States combined. Collectively 
they agpovrnt for 15 percent of the 
worId*s industrial wood har\'ests, even 
though they have oj^ly 4 percent 6f its 
fo^sts,^^ ' ^ 

As with agricultural crop production, 
the economic gains of intensive forestry 
are made at the risk of greater vulnera- 
bility to outside stresses, a vulnerability 
obviously compounded if the species 
b.eing grown is *Jensitive to the stress. 
Since planted trees are purposely 
managed and valued for timber produc- 
tion, damage to thf m results in a direct 
economic loss. With plantation forestry 
and more-intensive forest management 
becoming irtore common worldwide, 
bothv the likelihood and potential eco- 
nomic effects of forest damage are in- 
creasing. ^ ^ 



Foresters expect the cleath of the 
younger trees to significantly dis- 
ruj^t the wood market. 



West G^^rmany*s spruce an(;f fir forests 
^re t)|p.ically ma(iaged in even-aged 
stands, with trees harvested! at 80-130 
years of age. Although damage first ap- 
peared on older trees, spt\ice andvfir of 
all agts are now affected. Foresters ex- ' 
pect the death o( the younger trects. to 
significantly disrupt the wood n^arket. In 
the summer of 198?^ when forest dam- 
age was still placed at 8 percent, the 1*45- 
ported value of the trees that had been 
lost was about $ 1 ,2 bilHom Spread 
equally over a 10-year period, these 
losses iranslat^ into about a 5 percent 



Many of Europe's forests are intensively 
managed conifer stands that yield large 
timber volumes from a comparatively 
small area. Although they have only one 
fifth the forested area of North America, 



decline m annual timber production, 
worth about $200 million per year.'^ 
Wath damage now reportedly covering 
half of West Germany*$ trees, the value 
of th|s annuai|timber \op is bound to 
rise, . 
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r^l^^^^T " ^T'"^ portion 'Of the of just a few species-notably Douglas 
planned annuaJ harvest ,n West Cler- fir and pondero.sa pine in the West and 
many consists of dying trees, over the loblolly, longleaf. shortlcaf, and slash 
next few years the hai^est may «each .pipes in the South, Between the mid-six- 
three twes the normal level, and the ''^s and the late seventies, the forest in- 
dumping of valuable wood on the mar- dusiry increased its annual planting and 
ket will^ undoubtedly depress timber dircct-seedine of commeixial sj^ecies 

two-and-a-half times. Total U.S. plant- 
ings in 1978 were over f^OO.OOO hectares, 
a substai\tially greater area than is annu- 
ally planted for industrial wood in the 
tropics. Roughly 85 percent of the U.S. 
softwood timbv"" harvest comes from the 
South and the* Pacific coast area. Yet be- 
cause" Pacific forest industry lands can- 
not, sustain current harvest levels, the 
U.S. Forest Service projects no Increases 
in softwood supplies there until well into 
the next century. In contrast, supplies 
from the South are expected to ris<^ by 
nearly 50 percent by 203O, ;md timber 
companies increasingly are turning to 
the South's favorable growing condi- 
tions. '. ^ " . 

Recent studies of southeastern foc^t- 
lands show a substantial slowing of 
growth over the last decade -in the. 
South's two most important species 
economically: loblolly and slash pirte. 
The reductions are evident throughout a 
broad area of Alabama, Georgia, and 
South <^:arolina. Whether acid rain or 
,^Olher pollutants arc responsible is un- 
certain, ^yct there is clearly cause for sus- ' 
picion. Roughly 10 percent of the annual 
forest grjowth in the eastern United 
States occurs in areas of high sulfate 
deposition— over 40 kilograms per 
hectare annually. Over 75 percent grows 
inflireas receiving annual sulfate doses of 
20-40 kilograms per hectare's Soils in 
mpny parts of the Southeast are suscepti- 
ble to acidification, and acid deposition. 
may reduce soil fertility to the point that 



prices. Even under the optimistic as 
sumption that the ongoing destruction 
ceases and that the damaged forests can 
be restored, future wood harvests will 
Ukely be reduced as a result of the pre- 
sent overcutting. Dr. H. Stcjnlin, Direc- 
tor of the Institut fur LatWcsspnege at 
Albert-'|.udwigs University in Freiburg, 
expects that from the late nineties into 
the first quarter of the next century, 
West Germany'will be less self-suflficient 
iif timber."* ^ 

The econoiniif jnd ecological reality 
of these tree d^faths has led West Ger- 
man forest researchers to visualize a very 
different forest in the future and to begin 
planning alternative management strate- 
gies. In Bavaria and other severely dam- 
aged areas, for exarilple, soils are being 
limed in an attempt to counteract acid- 
ity. But without plowing lime into the 
soil— a pix)hibitively expensive task for 
such large areas— mirteral soils cannot 
be restored beyond the surface. This 
strategy, therefore, is not an ultimate so- 
^ lution. Moreoi^r,' liming does nothing 
to reduce stress caused by ozone and 
gaseous sulfur dioxide. In a 1983 Journal 
fif Forestry editorial, a German professor 
of forest policy, the president of the Ger- 
man Forestry Association, a Regensburg 
forester, and a fonher U, S. Fulbright* 
Visitor to West Germany joined to- 
gether to note that "air pollution is now 
the problem that concerns West Gc^Tman . 
S0>reiters most. The Results of 200 years 
of forest managcnient seem to be extin- 
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guishable wtlhit^ the next 10 years. 
Only a few people think about an ftll-too- 
posstble scenario: central Europe with- 
out forests.*'** 

' In the United States, more than half 
the sawtimber comes from^the harvests 



tree prodqtitivity begins to decline. Ac* 
cording to one 1 983 study of the eco^ 
nomic effects of a(:id rain, a 5 percent 
growth slowdown in southern softwoods 
woiijd translate into an annual loss of 
timber sufficient to build about one 

% 
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(emh of new U.S. homes each year. 
Scientiais have noted the ^urgent" need 
(o lest managed (orest species for sensi- 
tivity to both nitric and sulfuric acids, 
and that such tests must allow enougli 
time to measure eftects that appear omy 
after several years or decades of expo^ 
suf%5^ Studies have nheady linked 
' o/.bne to reduced growth in severaKpine 
species. 

rhese findings of pervasive growtft 
slowdowns have gtxratly heightened con- 
cern in the U.S. forest products industry. 
Until about mid- 1984, concern ovet the 
possible effects of air pollutants or add 
rain had taken a back seat to such visible 
problems as itifestations of spruce bud- 
worm* pine beetles^ and gypsy moths^ 
Yet the prospect of economic losses 
Irom long-term growth reductions has^^ 
led the industry to step up its rcseaixh 
efforts. Acid rain ^nd air polhuants are 
among the factors being studied, al- 
though the induvStry does not feel 
enough is known about, the problem at 
this time to warrant costty pomuion con- 
trol ifieasures . Producing paper ano 
other forest products consumes large 
amounts of energy* aufi additional pollu- 
tion controls for power and manufactur- 
ing plants would raise production costs. 
Yet if the industry becomes convinced 
that acid rain or other pollutants are be- 
hind even small dropoffs in forest pro* 
duetivity, support for controls could 
foll6w. Dn Ely Gonick. senior vice- 
president of International Pap<?r, the na- 
tion's largest private forestland holder, 
points out that paper mills are highly 
capital-intensive and thus are **captives 
:^f their geography. They depend on a 
Very long and continuing supply of rear 
sonable cost wood to sun'ive economi- 
cally. If acid rain damages* ^^at supply. 
■ then the mill ft cou l d f a il and job s would 
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lence exists of .slowciKgrowth due 



be lost."^<> 

In Canada, damage to vegetation sur- 
rounding sulfur-emitting smelters has 
^long been evident, but so far no firm 



evidence exists of .slowciNg^ owth due to 
regional liir pollution or acid deposition, 
Yet mot e than half of Canada\s produc- 
tive forest lies in the eastern part of the 
counti7, where pixcipitation is acidic 
and soils have Uttl0 buffering capacity. 
With I out of every 10 Cat^adian jobs 
dependent on the forest industry, and 
with annual forest products valued at 
more tl>an $20 billion, Canadian officials 
ar^ understandably concerned about 
acid deposition's potential to danu^ge 
their tinker supply. According to- Dr. 
Raymond Brou/.<^s of tnvironmeiA Can- 
ada: A reduction in tree productivity as 
small as 1 percent or even .25 percent 
per year Would result in, a significant re- 
duction) in total wood production if com- 
pounded over the life-span of a tree'. 
Such a reduction could have serious im- ^ 
plici^tions on the fibre supply and eco- 
nomic well-being of the forest-btised in- 
dustries."^^ Dr. F. H. Bormann of Yale 
University adds, '*The danger is that by 
the time a 15 to 20 percent loss in pro- 
duct ivityiias beeo documented degrada- 
tion will be irreversible.'*^^ 

Canada already faces severe conse- 
quences from fbrmer neglect of its for- 
ests. Poor management pi act ices and 
inattention to regeneration have left 
Canada's timberlands in a sorry state. 
Hoping to ease this trend /the provinces 
of Ont^irio and New Brunswick h^ive es- 
tablished tenure agreements with pri- 
vate forestry coihpanies, encouraging 
them to invest in public forestland and 
thereby increase timber supplies and fu- 
ture yields. Dr» H. Krause. forest re- 
sources professor at the University of 
Ne>v Brunswick, notes that improved 
management practices in th^t province 
are projected to eventually more than 
double its pi'cj^ent yedlly average incre- 
mVnral limber growth. Yet Jie follows 



with an as-yet-unanswerSble query: 
**Will this increased management input 
be counteracted, in the future, by con- 
tinuing acidic deposition?"^^ 
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Add rain tends to be associated with 
the inditstrinl world, but it has now been 
measured in numy developing countnes 
as \veU, Lar^e portions ot BraziK south- 
ern India, Southeast Asia, and eastern 
China are undeHain by the type of soils 
most susceptible to acidificatibn. 
Threatening levels of soil acidity have 
reportedly been measured in some of 
these areas. '♦^ Trees are beinjj plantediin 
these and other developing regions to 
meet not only growing industrial wood 
demands, but critical needs for fuelwood 
and charcoal Yet the ambitious industri- 
alization plans of many of these couti- 
tries — in which fossil fuels typically 
figure prominently — raise the possibility 
of acid deposition eventually countering 
some of the gains expected from planta- 
tion forestry. 

One spccihl concerii for Third World 
plantation forestry is the potential acid 
rain has of inhibiting the functioning of 
soil microorganisms. *Tl\csc minute crea- 
uu es appear to play key roles in success- 
fully establishing tree plantations on de- 
graded lands, where much lliird World 
planting is taking place. Nitrogen-fixing 
bacteria, for example, wc behind the 
'hardiness and partial nutrient self-suffi- 
ciency of legumes, a family of trees in- 
creasingly chosen for flielwood planta- 
tions. These bacteria and other 
important microorganisms mjiy not 
function as well under the altered soil 
'conditimis brought abo\it by acidifica- 
tion, ^^^oting large areas to moiK>cul- 
ture plantations of faJJt-growing tvees ap- 
pears necessary to lessen the Third 
World's growing fuelwood crisis. Yet 
unless soils are prv)tected from increased 
acidification, vital wood supplies may di- 
minish^^^ 

• In addition to a worldwide growth''in 
plantations, attempts to proOlably in- 
crease short*term wood production hjCve 
entailed a greater use of intensiv/^ har- 
veslirtg practices that may cause long> 
term decHnes in forest productivity, R^- 



searchers at the Hubbard Brook 
experimental forest in the White Moun- 
tains of New Hampshire found that 
losses of calcium, potassium, and nitro- 
gen duiing tlie 10 years following an ex- 
perimental clear-cut of their hardwood 
forest weix:\ respectively, over 8, 7, and 
11 times^greater than in an adjacent' 
uncut forest. For calciuin and potassium, 
the losses represented over half the 
amount stored in the forest ecosystem. 
In whole-tree harvesting, the branches, 
leaves, and twigs artf removed from the 
forest along with the trunks. Leaves atid 
I wigs are especially rich' in nutrients, 
which, if left in the foresty would return 
to the soil as the biomass decomposed. 
Clear-cutting cotnbined with whole-tree 
harvestii>g may export two to three times 
more nutrients from a forest than a 
.clear-cut where onl^' the trunks are^ 
removed would. The Hubbard Brook re- 
searchers point out that it might take 
60-80 years for their experimental hard- 
wood forest, vfrom which no wood was 
g^moved following the clear-cut, t<§^e- 
turn to precutting conditions. Whole- 
tree harvesting no doubt would , post- 
pone recovery even further. Cutting 
again before Wl nutrient recovery 
would over time probably degrade the 
forest*s productivity.'*^ 

Unfortunately., few studies have exam- 
ined the effects of acid deposition com- 
bined with these intet\sive forestry prac- 
tkres. Yet taken together, they increase 
(he likelihood of long-term declines in 
forest productivity, , Scientists at the 
1982 Stoclcholm conference on acidifica- 
tion noted that **in areas of intense 
acidic deposition these (nutrient) Josses 
added to those associated with logging, . 
particularly whole-tlree harvesting, may 
jeopardize the ability to sustain 
ytelds."^^ Dr. Gilles Robitaille^ of Can- 
ada's Laurentian Forest Research Cen* 
tre emphatically, echoes this concern: 
*'Wc.%trip cu^, cut by diameter and clear- 
^yt . . . *We recover the trunks, branches, 
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folinge, needles — evtiyihing. Nothing is 
left on t^^e Jtfoxuid to break down and 
inipioyc soUciuality, Along comes the 
acid rain whicn leaches the reiinaii\ing 
nutrients from the soil. What is le(^ to 
regenerate the forest?* 

Beyond the direct economic losses in' 
forestland« ittiensively managed Jbr 
marketable timber, the changing ecol- 
ogy of the natural forest system brought 
about by acid deposition and air pollu- 
tion may have severe (;ai!jsequences as 
well. lYom an ecological point of view, 
j^cid dep(>sitiow and poUuiants are rela- 
tively new stresses, and knowledge of 
complex forest systems is too limited to 
predict how forests ultimately will re- 
spond to them. Yet scientists \vith the 
Norwegian InterdiscipUnary JResearch 
Programme on Acid Precipitation con- 
clude after eight years of study that in 
susceptible areas the issue seems to be 
**a question of proportion and <ime re-- 
quired ratber than whether any ecologi- 
cal effects appear or not.'*^^ 
— . — — ^ — . ^ — — ^ — . — • 

No apparent resource constraints^ 
will by ^ themselves limit the dis- 
charge of sulfur and nitrogen ox- 
ides in the foreseeable future. 
1* 

The world's forests are now the sub- 
jects of an ecological experiment of Am- 
precedented scale and untestable out- 
.come, Where pollutants remain at 
-relativelyjow levels, many forest systems 
will continue to absorb them without 
major damage to the soij, microorgartr 
isms, or trees. Yel as chronic stress in- 
creases, ecological theory predicts a 
staged decline that in extreme cases 
could end in complete ecosystem col- 
lapse. This has occurred around high- 
emission sources ^uch as the smelters at 
Sudbury, Ontario^ and Copperhill, 
Tennessee,*^ The forest decline spread- 



ing in centnil Europe could be die begin^ 
nlng of such a complete coll^\pse on a 
nmch broader scale. Even if p6llution re- 
mains at today's levels* forests and soils 
continually exposed to this degree of 
stress may in time lose their resistance. 
Moreover, long before the ecosystem 
ceases to function, other resources that 
depend on a wcU-functiomng forest will 
be affected. The coiisetjuences do not 
stop at the edge of the woods; they rip- 
ple to ground^vater, streatrts, and lakes 
iliat receive acids and metals that break 
out of the forest cycle. Our intimate con- 
nections to these fOiest systems ensures 
that we wiljjhot escape feeling the effects 
of their ^demise, ' 



CuRBjNG Future Emission 
^ Levels 

Coal is tnudi more abundant than oil 
and will be the primary polluting fossil 
fuel in the decadoc ahead. About 660 
billion tons are now technically and 
economically recoycrable, which at 
today *s rates of production would last 
well over two centuHes, compared witli 
roughly four decades for oil. Moreover, 
some 10 trillion tons of coal — equal to 
more^than 800 times the world's annual 
use of energy — are known to exist and 
may ultimately be recovered.*^ Thus, no 
apparent resQjprce constraints will by 
ihemselves limit the discharge of sulfur 
and nitrogen oxides in the foreseeable 
future- Emission levels will depend on? 
such factors as tht rate of econotnic 
growth, energy prices, the comf)etitive- 
ness of alternative energy sources, auto- 
mobile use, and» of course,- pollution 
control measure^^all fartntSt <mhjrrt tp 



much uncertainty. Yet current trends 
suggest that atmos|f)heric pollutants and 
the acidity of precipitatioh will increase 
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in much of the huju^jti ia! and developing 
world. 

Sulfur dioxide exnission.s in North 
Auterica and (he Euiopean Econontid 
Cbmmunity will not greatly increase 
over their existing high levels, and in 
some countries they are likely to decline. 
(See Table In the EEC, le.*is use of 
fuel oil (with an aveiiige sulfut content of 
2.5 percent) and greater use ofcoal (with 
an average sulfut contet$\ of 1.5 percent) 
will help keep SO^ levels from ri.sing. 
More importantly, a majority of EEC 
member countrie^j arc now committed (o 
reducing their sulfur dioxide emissiion?^ 
by 30 percent or more over the next de- 
cade. Assuming they take action to fulfill 
their promises, the levels in Western 
Europe could substantially decrease. In 
North America, pollution Controls on 
new power plants in the llnited States 
and commitments by Canada to halve 
sulfur discharges should prevent bO^ 
emissions from rising very mn/:h. How- 
ever, without further reductions in the 
United States — which emits five times as 



Table 5-4. Sulfur Dioxide and Nitrogen Oxide Emissions, 1980, With Projections for 

2000 



much sulfur dioxide as CanAda— emis*. 
sions in east^ern North America will re- 
main high. 

In contrast to these sotnewl^at opti- 
mistic trends, SOj eyussions in the So- 
viet Union and Easteni Europe^ — already 
among the mo2>t heavily polluted regions 
m the world— are projected tq rise by a 
diiixl as a result of hicreased burning of 
high-.$ulfur coal and Hgnite. By the year 
2000»v Eastern Eu^ope s emissions are 
expected to be double those of the 
United States, even though the regioi^ is 
only one seventh ai> large. As in the EE<^-, 
the discharges could be less than pro- 
jected if the Soviet Union, East Ger- 
many, and Bulgaria fulfill conunitments 
made in 1984 to curb them,^^ 

Nitrogen oxides, on the other hand^ 
arc expected to rise nearly everywhere, 
lin the European Community, NOx emis- 
sions, which are thought to have in- 
creased 4(Kv50 pel cent since the early 
seventies, arc projected to climb ^A^^other 
5-*2l percent before the century is out. 
(The nmge reflecis diflerent ^ssump- 



.Sulfur Dioxide 



Nitrogen Oxides 



Coumry or Region 


"1980 


2000' 


Change 


IIWO 


2000 


Changp. 

^ — 1 — 




(million nictric 


(percent) 


(million metric 


(percent) 






Ions) 






tons) 




United States 


24.1 


26.6 


4- 10 


19.3 


24J 


+ 25 


Canada 


4.8 




-5- 




2.4 


+ .33 


EEC 


18.6 


19.0 


+ 2 




li.l 


+ 21. 


Soviet 4Jnion* 


25.5 


34.0. 


+ 36 








Eastern Europe'' 


40.7 


55.3 


+ 36 









'Pny'cctions do nol^alte iiilo account conmiitmfms made by more than a do:r.en nations in 1984 to reduce 
sulfitr ^dioxide emissions. If acted upon, these Comi^itment.i would significantly reduce projected SO, 
emissions from every region except the United States and Eastern Europe. ^Ksiimates are for 1982 and 
2002: estimates for nitrogen oxide emissions not available or reliably estimated. 

sources: U.S. and Qanadtan data from Environment Canada, ihitted States-Camda iVfemorandum of h\iefti,on 
Trt^mbbmdarf Air Pollution: Exetutwe Summanes (Ottawa, Canada: 1983): EEC data from Environmental 

.% Ltd., 1983), (2.5 percent growth scenario); Soviet Union and East EuropcS data from N. H, Higliton and 
M.J, Chadwick» **Ttie Effects of Changing Patterns of Energy Use on Sulfur Emissions and Depositions 
in Europe," Ambio, Vol. If. Np. 6, 1082, . ' 
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(iom about the tme of economic 
- gi owih,) Thib expectation is mainly at- 
tributed to utilities burning kWoil and 
more conl. since coal combusJtlon gener- 
— ^tes more nitrogen oxides thijin an equiv- j 
alent iiunount of oil combustion, and to^ 
the expected increase in cars traveling 
EEC highways, In the absence of addi- 
tional controls in the United States, ni- 
trogen oxide emissions (ixyp^ utilities 
there have been projected to increase 55 
percent. This estimate assumes a higher 
growth in^'cncrg)' delnand tlyui now 
seems likely, however, so actual NOx in- 
creases will probably be somewhat 
lower,' Canada\s biggest jncrease will 
come from vehicles, whose emissions are 
projected to rise by 50 percent to 
roughly 1,7 million tons, or over 70 per- 
cent , of (otal NOx emissions. 

In most areas where acid rain is now a 
problem, sulfiTr dioxide is I'esponsible 
for about 70 percent of the acidity and 
nitrogoi oxide for about 30 percent. 
(There are notable exceptions, such as 
areas in the Pacific and Rocky Movuuain 
regions of the United States, where ni- 
trogen oxides contribute a much greater 
share to precipitation acidity. But the 
rapidly rising emissions of NOx 
steady or declining addition of SO2 sug- 
» gest that in many areas nitrogen oxides 
will play an increasingly important role 
in the creation of acid rain over time. 
Mo/eover. since chemical reactions in- 
•volving NOx ozone, the levels o^ 

ozone in areas conducive to its forma- 
tion will increase ajhwell. Given ozone \s 
knowh toxicity to plants and trees, along 
with evidence that it helps form acid 
deposition and may make trees more 
.susceptible t^^^acid deposition's effects, 
reducing' nitrogen oxides should clearly 
be part of any control sfci ategy to protect 
forests. 

Although estimated of future en^^ 
sions in Third W or ld countrie s ar c not — 



readily av^ilal^fe, treftds suggest that air 
pollution and acid rain will worsen in 



many of them. Precipitation acicjity is not 
widely monitored in d<irveloping coun- 
tries, but rain with a pH of 4.5 or below 
has been measured in cities in China and 
^ hidia. Industrialization plans for many 
of tl>^ mbst populovis rhird World count 
tries call for v^vst increases in coal burn- 
ing, following essentially ihe same path 
taken by today s industrializjed countries 
eafily in the century. Clnna*s*mnual coal 
output, for exan\j:)le, increased mdre 
than 20 times between 1949 and 1982. 
and is now up to 666 mjUion tons, almost 
as much as in the United States, If fts 
plans to increase per capita energy con- 
sumption are fulfilled, the nation will be 
burning some 900 million tons^o^ coal 
each year by the turn of the cgpKiry.'^^ 
Similarly, BraziKs consumption of coal 
has been rising at an average rate of 
about 10 pcVcent per year, and steel, ce- 
ment, and paper companies are switch- 
ing from oil to coal. India expects to in- 
creaKe coal production to 325 million 
tons by 199f^,, roughly 2,6 times greater 
than 1982 levels. Sulfur dioxide emis- 
sions from coal and oiLhave nearly tri- 
pled there since thj? -early sixties and 
were estiinated at 3.2 million tons in 
1979 — ^slightly less than current emis- 
sions, from West Germany. Dr, C,K. 
Varshney of Jaw|^arlal Nehru UajVer- 
sity*s Scho(^l of Etiviix>nmental Scieltces 

^sees probleuis from acid nun as '*very 
much in the making in the country. . . . 
rhe current pace of development ^is 
bound to promote acidification of the 
environment/*^^ 

Withou4 elforts to brake \hese rising 
emiS|Sions around the world, destruction 

^caused by acid rain and air pollution two 
decades from now may dwarf that evi- 
dent today. Governmetit policies are ig- 
noring the fact that damage to forests, 
soils, and lakes is an added cost of fossil 
fuel combu(jtiou that is not taken ipto 
account in the prices con » umcr » p ay . Sq> 



ciety IS in effect substdixirig fossil-fuel- 
generated electricity, motor vehicle use, 
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and metab production by allowing free 
use of the environment to absorb the 
resulting pollution. Such an **extcrnal- 
ity.** so called because the social costs 
are external (o the private costs, means 
a portion of the real cost of these activi- 
ties' is hidden, Sin^^o costs appear lower 
than they realhy arc, more of these activi- 
ties take place than is optimum for soci- 
ety, Where the environment can no 
longer assimilate, combustion's pollu- 
tion, these .external costs are now 
becoming visible in ihc form of acidify- 
ing lakes and dying forests. 

Correcting this inherent market fail- 
ure requires that those fostering the poU 
lution begin paying for it — either 
through^ technological controls, entis- 
. sions taxes, sales' taxes (for exatnple on 
motor vehicles), or other means. Na- 
tional energy and environmenlaHtratc- 
gies are not adequately doing this, and 
' they are insufficient to preve/lit air pollu- 
tion and acid deposition dfaniage from 
worsening in theTuturov <Jnly a handful 
' of countries now require power plants to 
control sulfur dioxide emissions with 
effective technologies. 'J he majority still 
rely on low-sulfur fuels and dispersion 
through tall 5mdkes tacks to control pol- 
lution. The former will prove inadequate 
for the long term, 'and the latter only 
transfers a portion of the pollution dam- 
age from urban ^o rural areas. 

The United J>tates> West Germany, 
and the Netherlands are among the na- 
tions that have taken sortie concrete ac- . 
tlon in recent years. N(ew power plants in 
these countries are required to install 
flue gas desulfuri«:ation^(FGD) equip- 
mentis often called **scrubbers/' which is 
the most widely used technology for re- 
ducing sulfur dioxide. FCD reduces SO2 
emissions by 80^95 percent and typically 
adds 10-15 percent to electricity genera- 
ting costs. Achieving substantial pollu; 
ti o n r ed uctions in the near term, ho ^- 



many was the (\rst to begin tackling this 
politically diflicuU and more expensive 
task. With heightened concern over 
spreading damage to the nation's for- 
t\sts, the West German Bnndestag 
passed legislation in July 1983 calling for 
tight controls pn the largest 1^0 of its 
1,500 cxi;5ting plants — those over 300 
nucgawatts.'*^ Althphgh U.S. Congressio- 
nal committees have had before them 
some dozen proposals to curb emissions 
from existing sources, political divixsions 
over the regional distribution of costs 
and bencfu.s from suCHnieasures have so 
far prevented their passage. 



Destruction caused by acid rain 
and air pollution two decades from 
now may dwarf thai ^evident today* 



Efforts to control nitrogen oxide emis- 
sions also Have fiir to go if existing levels 
are even to be capped, let alone reduced. 
Nitrogen oxides ar^ harder to control 
than SOj since they result not only from 
nitrogen contained in the fuel, but also 
from the dxidation of nitrogen present " 
in the air.lBoth utilities and industries 
c<luld halye NOx emissions with com- 
bustion inodifications costing roughly 1 
percent of elect ricttjf generating costs. 
So far, however, little attention has been 
given to even these mqdest controls. 
More stringent controls *would require 
technologies such as selective catalytic 
reduction, which treats flue gase^ for ni- 
trogen oxides as scrubbers do for sulfur 
dioxides. These systems can reduce 
NOx t>y 90 percent and typically cost 5-8 
percent of generating costs, roughly half 
as much as scrubbers.*^ ^ 
^ Japan stands alone in requiring that 
power plants substantially reduce nitro- 
gen uJiides alon g w itft sulfur di o xid c > 



ever^ requires that the » practices of 
existing plants be .controlled. West Ger- 



primarily a response to the nation's 
health-threatening urban smog prc^b- 
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lems. To weet the required 73 percent 
NOx rerfuction. Japanese power planis 
iisually must go beyond combustion 
modifications and apjply selective cata* 
lytic reduction, which has barely been 
tried elsewhere. Equipment to desiiUVu- 
ize (pue gases has been installed in over 
a thousand Japanese plants of various 
sizes and types— utilitiM, industries, and 
smelters — compared wuJii at most 200^ 
the United States. Moreover, the Japa- 
nese plants use a regenerative >ystem 
that yields marketable,by-products — ele- 
mental sulfur, sulfuric acid, or g)'psum— 
rather than the hundreds of thousands 
of tons of wet sludjje produced annually 
from the *'throwaway'* desulfuri/ation 
process used in most U.S. plants. A 
ready market for sulfur materials initially 
made this option especially attractive, 
and with land for waste disposal ex- 
tremely scarce, the c&si of sulfur recy- 
cling was factored into electricity costs, 
Indeed/pollution control accounts for 
roughly 25;j)ercent of the total tost of 
toal-genc^rated power^ and Japan's elec- 
tricity costs are amonig t^e highest in the 
world. Yet the nation appears willing to 
foot this bill for the benefits of imprdved 
air quafity. Writes Dr. Jumpei Ando of 
Chuo University, "From high buildings 
ip Tokyo one c^n now see Mt. Fuji 100 
kilometers away/*^® ^ 

Some promising technologies now on 
the horizon, will expand options for con- 
trolling emissions from both new and 
existing plants. Besides improvements 



ducts. Because combustion is carried out 
at a lower temperature, nitrogen oxide 
e^nissions are 15-95 percent lower than 
from a convf*itional boiler.^^ 

FBC is now being tried at some 30-40 
plants in the Netherlands, Sweden, the 
United States, and West Germany, Most 
facilities usi^pg it have canities of less 
than 40 megawatts (many arc under 5 
megawatts), but sevei^l in West Ger- 
many have capacities of 100 megawatts 
or more, Swcden^s success with the tech- 
nology at a 15-megawi\tt plant has led it 
to consider building a 330-megawatt 
commercial-scale combustor. Among, 
the pilot plants in the United States is a 
20-megawatt plant in Kentucky that, 
under the direcii^^ju)(>he Electric Power 
Research Institute, ts a prototype for a 
000-megawatt demonstration unit. Also, 
a Minnesota .uiiHty siffnierf a contract in 
the summer of 1984^r tfte first conver- 
sion of a conventional coal-burning 
boiler into a fluidized b^d unit. The re- 
trofitted plant is expected to begin oper- 
ating in 1986. with ^ generating capacity 
of 125 megawatts.<^<^ 

Another promising technologyf— the 
limestone injection multistage burner^ 
(LIMB)— -merits support. It combines 
combustion modifications for NOx 
trol with injection of limestone into the 
combustion chamber for control of SO^. 
LIMB*s main advantage lies in retrofit- 
ting: Fo^^a capital cost much less than 
that of scrubbers, LIMB can apparently 
remove 50-70 percent of both sulfur and 



in flue gas de^ulfurjzatitjjji, two Jechnolo- ^^^^ oxides from existing plants 

gies that control both sulfur tind nitro- Prelimin; 



reliminary analyses for a LIMB retrofit 
at ,a 105-megawat^lant in Ohio show 
capital costs of $V0-90 million, com- 
pared with $177 million for a scrubber, 
and operating costs only half that of a 
scrubber. Though the technology is still 
being developed, pilot-sc^ale tests make 
it look promising.^" 
_ As noted, lHdl6r Vehicles are the lead- 

resulting wastes must either be disposed ing source of nitrogen oxide emissions 
of or made into marketable sulfur pro^ in most industrial coiihtries. They are 



gies tnat control t)otn suiiur and nHro 
gen oxides during cornbustion look at- 
tractive. Fluidized bed combustion 
(FBC) involves burning crushed coal on 
a bed of limestone suspended by an up- 
ward injection of air. The limestone 
reacts with the sulfur didxide as the coal 
burns, reducing SQ^ emissions by 90 
p ^ rcwiVji: more. As w uh sc r ub b e r s i th e 
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also a leading source of hydrocarbons, 
the oih^^r ingredient needed to form 
ozone. Cars manufactured in the United 
States now have catalytic converters that 
cut hydrocarbons by 96 percent and ni- 
trogen oxides by 76 percent over previ- 
ous levels. Other modifications allow 
• substantial gains in fuel efliciency along 
with pollution reductions, despite the 
tendency for converters to decrease 
combustion elficiency. Japan's standards 
for automobile NOx emissions are even 
stricter than those in the United States/ 
Although European countries h^ve 
made some progress in controlling auto- 
mobile pollution » the large reductions 
possible with catalytic converters are not 

• yet being achieved. In June 1984. the 
European Economic Community's eifvi- 

^ ronmental ministers agreed to introduce 
lead-free gasoline by 1989. Since cata- 
lytic converters require lead-free fuel, 
this rtiove. paves the way f6r stricter auto 
emission controls. So far, however, EEC 
members have been unable to agree on 
the stringency of such controls or the 
timetable for implementing them. As 
]:iations such as West Germany and' 
Switzerland individually take action, 
others may be induced to follow their 
lead.«2 



Few would argue that Japan^s high 
pollution control costs have seri- 
ously undermined its competitive- 
ness in global markets. 



Requiring tho^ fostering air pollu- 
tiort to beginVontrolling and paying for • 
it will rai$e the prfce of energy and prp- 
ducts to industries and consumers. But ^ 
this in turn will encourage m(;^ire-effici^ni 
use of energy and materials. l^ewwould_ 



argue ihaijapan's high polkuion control 
costs have seriously undermined its 
competitiveness in global markets. With 



the exceptiop of extremely Energy- 
intensive industries, such as aluminum 
smelting, most Japanese industries have 
accommodated the higher energy costs 
by using energy more efliciendy. The 
nation's per capita energy consump- 
tion in 1982 was 2.7 rtmes lower than 
in (he United States and roughly 
1.5 tiijies lower than in Denmark, Swe- 
den, the United Kingdom, or West 
Germ.any.^^ 

Industrial countries that rely on fossil 
fuel combustion for the near future must 
begin making it compatible with the 
preservation of their forests and other 
natural systems. This will be expensive, 
but by no' means prohibitively so. Even 
with costly flue gas.^scrubbers, new coal 
plants can generate electricity more 
cheaply today than any other widely 
available energy source except hydro- 
power A decade trQjgji ^, coal burned 
cleanly will in most cases still be less ex- 
pensive than nuclear power and other 
conventional sources. But by then sev- 
eral renewable energy sources may be 
economically competitive, and the range 
or energy options will have greatly ex- 
panded. 

Developing countries are in a position 
to avoid the pollution problems for 
which industrial countries are now pay- 
ing dearly, rhe renewable energy tech- 
nologies now emerging alongside the 
large-scale centralized power grids in 
the industrial Countries can be at the 
heart pf Third World energy strategies 
just now taking shape. Where coal re- 
mains the best option, controlling sulfur 
afid nitrogen oxide emissions is clearly ^ 
essential and vasdy cheaper if doiwrfrom 
the start. Moreover, by taking advantage 
now of the breathing room conservation 
and' increased energy efficiency provide, 
long-term energy plans can incoipoi^te 

the tfew pollution rnntrnl t4-iUt^rx\I\g\^^ 



and broader range of energy options 
ti^ areita^t becoming technically, and 
econoniically viable. 



lE^' ... 
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Can Forests Thrive in a 
Commons? 

What is now unfolding in the forests of 
industrial countries is a tragedy of the 
commons on a grand scale,®*^ Less-pol- 
luted air would clearly benefit all na- 
tions, but most feel that acting to curb 
their own emissions, without guarantees 
that other nations will do hkewise, will 
incur greater costs than it yields benefits, 
rhe djjlemma derives partly from a com- 
plicated and imbalanced trade in air pol- 
lutants. All but a few countries export at 
least half the sulfur dioxide they emit. 
Where it ends up depends, largely on 
wind and weather patterns. At tvone end 
of the spectrum are the Scandinavian 
countries, where sulfur emissions arc 
comparatively low anp where 75-90 per- 
cent of the sulfur deposited is imported, 
(See Table ^-5.) At the other extreme is 
the United Kingdom, the largest emitter 
in Western Europe, which exports 
nearly two thirds of its emissions" and 
imports onjy 20 percent of its deposi- 
tions. 

The data have wide error margins 
around thein» but they do portray the 
general sulfur pollution patterns in 
Europe. (Data for Eastern Europe are 
particularly questionable; emissions 
given for these countries are probably 
low.) In some cases countries with mod- 
est domestic emissions receive as much 
sulfur per unit area as tht* heaviest em|t- 
t^ers. Austria, for example^ has a greater 
density "of deposition than Great Britain, 
even though it emits only one tenth as 
much sulfur. Although much less is 
known about transfers of nitrogen ox- 
ides and ozone, obviously these pollu- 
tants cross borders as well 

International cooperation is essential 
i n eont r olling such a w holesal e e o nti - 
nerttal pollutant trade. Tn|e possibility 
that a nation*s own controlVefTorts may 
prove fruitless because of uncontrolled 



emissions from its neighbors is a major 
baiTier lo action' Attempts to achieve 
multilateral cooperation, though falter- 
ing, are being made. An important, 
though mostly symbolic advance came in 
1979 with the signing of the Cc>nvention 
on Long-Range Transboundary Air Pol- 
^ lutiouv an agreement reached within the 
forum of the United Nations Econonyc 
Commission for Europe (ECE)^ Unfor- 
innately^ the Convention required little 
coticrete action toward reducing emis- 
sions from its signatories, although it did 
pave the way for cooperation in re- 
search, monitoring, and information ex- 
change. It strengthened the Cooperative 
Programme for Monitoring and Evalua- 
tion of Long-Range Transmission of Air 
Pollutants in Europe, which gathers data 
on the transport and deposition of pollu- 
tants. The Convention also was the first 
time that East European nations emered 
into an environmental pact with those of 
the West, Emissions '^from Eastewi 
Europe are especially high, and large 
quantities spill over into Austria, Scandi- 
navian 'nation^, and West , Germany, 
yheir cooperation is tht/s essential ^o re- 
ducing polluiion levels over the conti- 
nent as a whole. 

Until recently, the United Kingdom 
and West Germany were strongly allied 
in discouraging both the ECE of the 
United Nations and the European Eco- 
nomic Community from initiating strict 
controls. Yet West Germany's forest 
damage brought about a dramatic and 
unexpected reversal of that nation's po- 
sition. In June 1983> members of the 
ECE met in Geneva to discuss the trans- 
boundary pollution problem. For the 
first time, West Germarty broke ranks by 
supporting a Scandinavian proposal call- 
ing for each ECE member to reduce sul- 
fur dioxide emissions by 30 percent by 
1999 juin i ng West Germany in sup j io r i- 
ing the proposal (put forth by Finland, 
Nomay, and Sweden) -were Austria, 
Canada, Denmark* the Netherlands, and 
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Tfblc I^S. Ettimatcd Sulhir Em{««ion$ and D«posiUon(i In Europ« 



'^Country 



Annual 
Emissions 



Average Monthly ^ 
Depositions* 



Density of 
Average Mon^lily 
Deposition 



Share of 
Deposition 
Imported 



< 


(thousand metric tons) 


(kilognims/ 


(percent) 








hectare) • 




western Europe 












220 


34.1 


4.1 


85 


Belgium 


410 


16.1 


5.3 


58 


France 


1.450 


121.2 


2.2 


48 


Greece 


170 


25.3 


1.9 


63 


1 i n w% 

ireiwna 


130 


6.5 


u.v 


72 


Italy 


1.540 


113.2 


3.8 


30 


Luxembourg 


20 


1.1 


4.2 


73 


iNeinerianos 


240 


17.3 


4.7 


77 


Spain 


1.050 


58.3 




37 • 


Switzerland 


60 


14.1 


O A 

3.4 


90 


I urney 


330 


4 1.6 


0.5 


58 


United Kingdom 


2.130 


84.7 


3.5 


'20 


West Germany 


1.750 


115.8 


4.7 


52 


Eastern Europe 










Bulgaria 
1 Czechoslovakia 


390 


34.6 


. 3.1 


56 


i.q90 


130.1 


10.2 


63 


East Germany 


2,000 


: 77.8 


7.4 


36 


Hungary 


860 


46.7 


5.0 


58 


Poland 


1,250 


133.0 


4.3 


58 


RomaT\ia 


1,000 


79.7 


8.4 


64 


Yugoslavia 


420 


109.3 


4.3 


49 


Northern Europe . 










.Denmark 


230 


10.9 


2.5 . 


64 


Finland 


290 


29.3 


0.9 


74 


Norway 


70 


25.5 


0.8 


92 


Sweden 


260 


47.2 


!.0 


82 



*The calculated deposition figures are for winter months and may vary in other seasons. Density figures 
are given to allow t>etter deposition comparisons since froumrics var>' gi^atly in size. Obviously, loadings 
may vary considerably withm a given country. 

soun<iRs: EmisftionA figures adapted from N H. Htghton and M J. Chadwick, The Effects of Changing 
Patterns of Energy Use on Sulftir Emissions and De|>osttions in Europe," /^mftio. Vol.' 1 1, No. 6. 1082; 
deposition fig^ires and calculations based on data in Environmental JRe$ources Limited, Add Rain: A RtvUnf 
ofiki t^henomenon in (hi EEC hnd Europe (London: Graham icTrotman Ltd.. 1983). 



Switzerland — all nations with 
con ct^ ty i ih <!» u^ wi < i r ain and 



growing 
lluiiuu 



Europe prevented the proposal from 
b cfiig adopted at the meeting. Instead, 
the Commission issued a nonconimttal 
statement to reduc<? Emissions where 
feasible. The United States stood alone 



damage. Dissent from France, the Soviet 
Un|0ii'« the United. Ktnp^dbm, the United 
^ States, and the^ nations of Eastern 
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in refusing to sign even {his mild docii- 
menl. Although* pressured at home and 
by neighboring Canada to take steps lo 
combat acid rain damage, the Reagan 
administration m;untai;is that action is 
unwarranted until the problem is better 
Onderstood,^*^ 

Within the European Economic Com- 
munity, policies receiving unanimous 
support from all 10 member countries, 
become binding. The EEC has in fact 
established Community-wide ambient 
sulfur dioxidv standards with which its 
members must comply. In early 1984, 
the EEC\s policymaking arm, the Euro- 
pean Commission, developed a proposal 
calling for substajjjitial emission reduc- 
tions from large existing power plants. 
The plan requires that by 1995, total an- 
nual emissions of sulfur dioxide froiVi 
these somces be reduced by 60 percent 
over 1980 levels; nitrogen oxides would 
have to be cut by 40 percent. Though a 
worthy effort, the proposal does not yet 
have the unanimous support needed for 
it to become Community pohcy. Creece, 
It^ly, and the United Kingdom have so 
far balked at setting emission lin^its at 
the Community leveL Yet a numb^ of 
British Parliament members are now 
calling for Britain to support the EEC 
directive^ so its chances of adoption ap- 
fjcar to be increasing.^^ 
* The best prospect for coming to grips 
with the transboundary nature of long- 
distance pollutant transport appears to 
be for nations to pursue bilateral and 
nniltilateral agreements among them- 
selves. In late March 1984, nine Euro- 
pean countries and Canada formed what 
quickly became known as the **30 percent 
club," for their commitments to reduce 
1980 levels of sulfur dioxide emissions^ 
by <)t Ut^st 30 percent over th<^ next dec* 
ade. Oiiiada, France, Norway, and West 
Germany promised reductions of 50 per- . 
cent. Several other nations — notably in- 
cluding Bulgaria, Eist Germany, and the 
Soviet Union— joined the club at a sum- 



mer meeting in Munich, As of September 
1984, If) nations were c^pmitted to sub- 
stantial SOj reductions. (Sec Table 5 6.) 
Pressure is mounting on the United 
States and the United Kingdom^' which 
are the biggest sulfin^ emitters in North 
America and Western Europe, to take 
similar action. Although other threaten- 
mg pollutants, siich as nitrogen oxides 
and oJione, have taken a back seat to sul- 
fur dioxide, the international community 
nvay soon find that formal commitments^ 
to control them are essential as well. 

National leaders have rarely made 
great political gains by attacking the 
problems of the next generation or the 

Table 5-6. Commitments to Sulfur 
, Dioxide Reductions, $Q#tembcr 1984 



Country 



PronT 
Reduction 
Over 1980 
Ucvel.s 



Year 
Reduction 

to be 
Achieved 





(percent) 




I^ance 


50 


1990 


West Germany 


50 


1993 


Canada 


50 


1994 


Norway 


50 


1994 


,Denni[ark 


40 ■ 


1995 


Netherlands 


40 ' 


1995 


Aii.siria ^ 


30 - 


1993 


Finland 


- 30 . 


1993 


Sweden 


30 


1993 


Switzerland 


30 


1993 


Belgium 


30 


1993 


Lichienstein 


30 


1994 


Luxembourg 


30 " . 


' 1993 


Soviet Union' 


30 ' •> 


1993 


Easl Germany' 


30 


1993 


Bulgaria' 


30 


1993 



K^oinmi(men( is lo reduce sulfur dioxide ex- 
ports. 

sources: T\\c .Swedish and Norwegian NGO Stc- 
reiarials on Acid Rain. *'!0 Countries Sign Acid 
Rain V^iCi^l Add Wavs, May 1984; "Munich Confer- 
cnce Lays Groundwork for Sulfur Reduction Ac- 
cord." Woriii Ehviwhmnt Repori, July 11, 1984. 
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country next door. Some nations, typi- 
cally those mo5t obviously victimized, 
have begun to respond to the severity of 
tlie threat that Hes before them. Oth<?rs, 
such as the United States, l^ave been un- 
wiUing to act without irrefutable scien- 
tific proof of acid rain's and air pollu- 
tion's damaging effects — proof that may 
require decades of additional research. 
If in the meantime the consequences be- 
come irreversible, a late-coxuse correc- 
tion strategy will (ail — no ^natter how 
rhi'ich better scientists understand the 
problem. 



Beyond the Forest 

The emerging threat to the world's for- 
ests clearly raises the potential economic 
and ecological consequences of acid rain 
and air pollution. Yet decisions to take 
action need not — indeed should not— r 
rest upon wlfat is happening there alone. 
Forest destruction is but an addition to 
a litany of consequences rooted in the 
combustion of fpssil fuels in power 
plants, factories, ^(nd automobiles. lA^ 
discussed in Chapter 1, possibly the 
most serious long-term consequence of 
fossil-fuel combustion is the buildup of 
carbon dioxide in the atmosphere. And 
ozone levels in many agricultural re- 
gions are now high enough to damage 
valuable crops. In the United States, 
ozone is lowering the productivity of 
corn, wheat; soybeans, j^nd pean^uts, with 
losses valued' at $1.9-4.5 billion each 

Vast ^^reas of fertile farmland now 
regularly receive rain that is highly 
acidie. Although acid rain\s eflects on 
crops v?iry. soybeans find corn have 
shown Jower yields when grown under 
the acidic conditions now typioal in the 
eastern United States. l.>akes and streams 
. continue to acidify in northern Europe 

ERIC . . . , 



and eastern North America* killing fish 
and plant life. Acid rain and gaseous su^ 
fur and nitrogen oxixles are known to 
damage a host of evetyday materials in- 
cluding paint, paper^ textiles, and build- 
ing stone. Corrosion of copper and lead 
plumbing pipes by acidic gpoundwater 
threatens to contan1iii?ite household lap 
water. Alumuumi and other heavy met- 
als mobilized in acidifying soils and 
leached into undergroimd drinking 
water supplies also threaten human 
health. Like damage to forests and soils, 
these eflects are msKlious an^ ihtis hard 
to measure, but the potential econoinic 
• 5^oss and hijman suffering ihcy.iii'a)^use 
' is staggermg.^*^ 

Becatise acid rain, e^o^ie, and the 
buildup of carbon dioxide in the atmo- 
sphere are problems with a common ori- 
gin, they can also have commojii solu 
tions- Yet most existing and proposed 
strategies address isolated issues, rather 
than strive for the integrated .solutions 
that are needed. Placing desulfuri/ing 
scrubbers on smokestacks, for example, 
will reduce sulfur dioxide #id thereby 
control a(;id rain. But this technology 
will do nothing to^'help crops suffering 
from ozone, nothing to ensure that rain 
two decades from now will not be just as 
acidic from nitrogen oxides,wmd nothing 
to slow the rate at which carbon dioxide 
is increasing in'the atmosphere. Techno- 
logical controls for 'specific pollutants 
must be part of any plan to reduce emis- 
sions substantially in the immediate fu- 
ture. But (unds are limited, and the time 
available for reversing these threatening 
trends grows ever shorter. These prob- 
lems of common origin must b<; tackled 
simultaneously and at their core. 

Using energy more eflTiciently, recy- 
cling more paper and metals, and gener- 
ating more power from alternative en- 
ergy sources are rarely considered in 
strategies to reduce air pollution or acid 
rain. Yet they are among the most effec- 
tive and least costly ways that exist, SuU 
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fur dioxide and nitrogen oxide emis- 
sions were lower in 1980 than they 
would have been without the impressive 
energy efficiency gains made during the ^ 
seventies. Although two oil price hikes 
helped spur tliese euergy savings, na- 
tions can achieve much greater efficiency 
-^and thus further reduce pollution — in 
the coming decades, as documented in 
Chapter 7. Installing desuUiirizing 
scrubbers on plants producing a total of 
35.000 megawatts of power would cx)st 
$5^i0 billion, for examplje; cutting sul- 
fur dioxide by .^ving 35>000 megawatts 
through adoptiiki of elficiency standanls 
for comijibn househol<j appliances 
would cost less tJban I percent of this. 
Moreover, eniis: ions of nitrogen oxides 
and carbon dioxfde would be reduced at 
no exVa cost.*^^ * 



The question is no longer whether 
proof of damage is irrefutable^ but 
whether forests are sufliciently 
threatened to warrant action. 



3jimi!arly, recycling common materials 
ratlicr than discarding them attacks acid 
rain, ozone, and carbon dioxide buildup 
in two waysr-directly, by reducing pollu- 
tion at tlus^firoduction Hiclory, and in- 
direc:tly, by redttdng energy., demand 
and thus pollution Amiited at the power 
plant. Each ton of/copper produced by 
Canada's smelters genei ates an average 
of 2.7 lo«s of sulfur dioxide. Because 
one tkird of Canada's J 980 copper sup- 
jiljtjcjftme from recycled scrap rather than 
sulfur-laden ore, one million fewer tons 
of sulfur dioxide entered Canada's at- 
mosphere—equal to 21 percent of the 
nation's sulfur dioxide emissions that 
year. 

In virtually all nation^, recycling hSs 
barely scratched the surface of its poten- 
tial. Worldwide only about one fourth of 



the paper and les^s than one third of the 
aluminum' used is recycled, hi contrail 
to copper pi'oduction, the feedstock^ f9r 
these common materials contain little 6^ 
no sulfur, but the benefUf from recycling 
themlre nonetheless dramatic: Each ton 
of paper made from waste papeij rather 
thlm new wpod I'-educes c^nergy use by 
third to a half and ajji* pollutants by a!S 
n>uch as 95 percent. Aluminum pro- 
duced from recyckxi <an.s rathef than 
from virgin ore cuts i^yiissions of nitro- 
gen oxides by 95 percent and 5ulfur di- 
oxide by 99 percent. 7^ 

Generating more power from the 
wind, photovoltaic solar ceUs> and other 
renewable energy sources is central to 
what has been called a ^CO^ benign" 
energy strategy. 7'' Added to increased 
energy efltciency and recycling. Jhese ajA 
lei native energy sources round , out a 
strategy that is not only COj benign but 
/ acid raip and ozone benign'* asHvell. 

In thc^iear term, however, the most 
cost-effective gair\s will come from fur- 
ther squ<fe/.ing the sponges of energy 
efliciency^ and recycling. 1 ogether they 
will hot only' reduce pollufion; they also 
offer a bridge to the mid-nineties when 
sevei al ncnewable energy sources should 
be economically competitive! As noted 
throughout this volume, cons^^jrvationr 
ixrycling, arttd alternative energy sources 
aLso provide iv myriad of oilier benefits 
besides cutting air pollution. Collec- 
tively they gt^atly alter the cost-benefit 
calculations that \are inherent in deci- 
sions about whether and how to protect 
forests, lakes, and crop§ and to prevent* 
carbon dioxide from watming the 
planet. ' , ' 

The biosphere is not infinitely resil- - 
ient. What is happening in the industrial 
world's fields and fiffJTst^are signs thai 
fossil fuel combustion has ecological 
liinits. and that exceeding them exacts a 
price. Unles? energy and environmental 
strategiea begin to reflect this, today V 
threats are bound to become tomor- 
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row*? catastrophes. Given the rapidity 
with which the (brc3t destrviction has un- 
folded, the relevant question is no 
longer whether proof of damage from 
air pollutants or acid rain is irreftuable^ 
but whether the Xores^s are sufficiently 
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threatened to warrant action* Undoubt- 
edly! West Germa^ foresters would an- 
swer with a resQunding yes. But the real 
test is whether nations so far spared se- 
vere losses will muster the political will 
to take action to avoid them. 
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Conserving 
al Diversity 

' Edward C. Wolf 




If Charles Darwyn were writing todaj', his 
masterwork would probably be known as 
Th^ Disappearance of Species. In 1 859, pub- 
lication of Darwin's The Origin of Species 
sparked an intellectual revolution. A 
century, and a <ijuarler later the planet is 
losingi its Uving^iyersity at unprece^ 
dented rates. As human |X)pulations 
grow and as societies m* dernize, land 
degradation, forest cutting, coastal de- 
velopment, and environmental stresses 
such as acid rain are accelerating the ex- 
tinction of plant and animal specie^. Re- 
sources that undoubtedly^hold greaA po- 
tential for agriculture and Ww 
biotechnologies are being irreuievab^y 
lost* 

The millions of different plants, ani- 
mals, and microorganisms on earth 
today are products of a natural evolution 
stretching unbroken through 3.5 billion 
years. \ Throughout thi* ttme» plants and 
animals have teniae^ to produce more 
oflfspring than the environment can sus- 
taittj so only those whose inherited char- 
acteristics allbw them to reproduce sue- 
cessfuUy will survive* Chang:es have 

• \ 



accuiYiuiated ^»nd fcoihpounded, s(^cies 
have nsdapted to environmehtal change, 
and the result is a multitude of living 
form* generally well suited to' the condi- 
tions they face. 

People hdve long exploited the ge- 
netic variability within, species to create 
the food surpluses that make modern 
urban civilization possible. Human se, 
lection of crops and livestock is as old as 
the cultivation of food grains, which 
began at least 10,000 years ago. Neo- 
lithic farmeis eoaxed our most impor- 
tant crops and livestock from th^ w.ild 
relatives of those plants and animals mil- 
lennia ago.« Since then, breeders' efforts ' 
to assemble desired genetic traits from ^ 
different crop varieties, or in some spe- 
cial cases between species, gradually 
enabled the development of the high- 
yielding wheat, rice, and hybrid corn 

that siistain nfodcrn societies^. 

Given the vast areas planted to the few 
major cereal species, the genetic varia- 
bility within each spe<Mes is needed to " 
keep Agriculture resilient. Modern 
breeding programs depend on unique 
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genes to provide resistance to new plani/ once-natural processes.^ 
diseases. And wild relatives of commer- Control functit)ns> it now apocars, op- 
erate at the global level as WclK The cy- 
cling and global abundance of elements 
as common as carbon and as rare as So- 



cial crops ranging^from tomatoes to 
wheat have provided genetic material 
worth billions of dollars in higher cro^ 
yields. Recent recognition of thd past 
and potential contribution of il?e genes 
of wild relatives to major crops has 
earned them the label **the newesji re- 
source, ' 

The contribution of such genes has 
, often been limited by the dimcuUy of 
making viable crosses between wild and 
domesticated species. Today's revolu- 
tion in the sophistication of biotechnolo- 
gies and the science of genetics is slowly 
breaching biologic-c^l barriers, raising the 
prospect that useful traits may soon be 
transferred between species that could 
never be^BBfe be crossed by conventional 
breeders. As it becomes easier to use the 
wild relativejs of cultivated plants, inven- 
tories of the distribution and properties 
of little-noted plants and aniiif^als will be 
needed. Genetic material' from all 
sources will appreciate in v^^lue, and the 
fruits ofNeflr9^ts to bend new species to 
human uses tSaiy m^rk a turning poinl as 
important as the domestication of plants 
and animals by our Neolithic ancestors. 
At another level of diversity, intact 
ecosystems play a central role in main- 
taining conditions that favor life on 
earth. Natural assemblages of species 
m^ke critical contributions on a local 
* scale, moderating the water flow within 
watersheds, buflering against damaging 
floods* cleansing urban air of pollutants 
and particulates, and sustaining the nat- 
ur^I populations of predatory birds and 
insects that help keep crop pests in 
. check. Natural ecosystems provide these 
services %iost efficiently when undis- 
turbed* When key species are elimi- 
nated^ vital services are disrupted. The 
cascade of consequences can lead to out- 
breaks of virulent pests, .the demise of 
commercial *pecies» and costly engi- 
neering projects that attempt to replace 



dine— both essential to human sun'ival 
— are regulated by certain key ^xosys- 
tems and regions. Atmospheric scientist 
James Lovelock, originator <^the Gaia 
Hypothesis that the carth^s to^l commu^. 
nity of living organisms modifies condi- 
tions to create an optimal environment 
for life, emphasizes our ignorance of 
'^planetary control systems . . . associa- 
tions of species which cooperate^to per- 
form some essential regulatory func- 
tions.*' According to Lovelock, large- 
scale disturbance of natural communi- 
ties in Ihe tropics or the offshore conti- 
nental shelves may jeopardize the regu- 
latibn of such critical substances as 
atmospheric oxyj^cn, with unknown im- 
plications for earth's habitability: And 
not all regions or^natural /rommunities 
contribute equally to these functions; 
Lovelock cautions that **what we do to 
our planet may di^pend greatly on where 
we do it.'* Although the impact'' of , our 
interventions at all these levels cannot 
be predicted witji confidence, human-* 
ity*$ ability to extinguish species clearly 
rivals the natural forces that have 
molded the history of life.*^ 



A$ses$in6^xtincti'oi^s 

Extinction is forever. This irxjUh was not 
assailed even wlwn researchers at the 
University of California at Berkclpy an^ 
nojunced last June that they had cloned 
g^nes from the pelt of an extinct animal 
known as the quagga., a relative of the 
horse. Unfortunately for those envision*^ 
ing the imminent resurrection of passen- 
ger pigeon?? and dodos, researchers only 
expect the g^ne fragments to help un* 
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^ ravel the quagga's relationship to Jicbras 
and horsesi which will solve an evolu- 
tionary rid<j.le but not disclose extinc- 
tion's secret.' 

When Charles Dary^'in speculated pn 
the quagga's kinship |( TheOri^n of Spe- 
cies, herds of this partly striped mammal 
still roamed the plains of South Africa. 
IVenty years later, the quagga had been 
hunted to extinction. |t joined a litany of 
such losses due to hunting and overhar- 
* vesting that coincided with European ex- 
ploration. Since then, the pace of species 
loss ha.s accelerated as popuhuion^^nd 
human settlements have expanded 
worldwide. (See Table 6-1,) 

Scientists who study the ebb and flow 
of life generally distinguish tw&types of 
extinction. In the first, a plant ^ animal 
species is transformed over a number of 
generations into a physii^alh' distinct de- • 
scendant by natural sclec#n. This in a 
sense denotes biological "Recess": The 
species gradually adapts to^its changing 
environment. The second— terminal ex- 
tinctiot^is the oulright^ elimination of a 
species-H#»n evolutionary dead end. Fos- 
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sils attest that most of the animals that 
once roamed the earth have ho living 
V, descendants; only a few of the myriad 
branches of the tree of life have en- 
dowed our world with its, present array 
of plants and aninial.s. 

The Earth's history has been repeat- 
edly interrupted by wicle-ranging epi- 
sodes of terminal extinctions that have 
earned the name "mass extinctions." 
•These occasional contractions of life 
fo rms define the boundaries of geologic 
ages and signify global changes' of the „ 
past. There have been six such large- 
scale losses in the last 500 million years; 
one of the lAost severe, at the end of the 
^^ermian period about 24o million years 
ago. may have exterminated 95 percent 
of all living species in the oceans.^ 

Biologists and paleontologists are 
stmggfing to provide coherent explana- 
tions for these mass extinctions, and the 
scientific commun^y is far from univer- 
sal agreement. Gtirrent hypotheses build 
on evidence that some of these events 
can be correlated with asteroid impacts. 
,pne of which coincided with the disap- 
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Table 6-1. Estimated Acceleration' of MMnm»| Extinctions 

\ 

Perwm of 
Extortions Present Stock of 
Vhr Century Species Lost' Principal Cause 



Pleistocene (5,5 million yea%) o!oil 



Late pleistocene (I00»000 
yearsV 

1600^1980 A.D, 



0,08 



17 



0.002 



0,4 



Naliiral extinction 
«. 

Cliinatt' change/Neolithic 
hunters 

European expansion/ 
hunting and commerce 



3.5. Habitat disruption 



»oimcti: Author's esUmaur, based on data from Dr. Paul Martit,. University of Arizona Tucson orivate 

R^c^m^^'S'^'lLJf^^ 'r.T^r^' l'^'^'^ '■^^ Coiisei^ation of Nature "Jd N'a3 
Kcsources* TM lUCN Mammal Rid [hia B(H>k (GIdnd, Switzerland: 1982). 
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pearancc of dinosaurs 65 million year« 
ago. David Rauj) and John Scpkowski of 
the University of Chicago, analyzing the 
marine fossil record, point out thai wide- 
spread ext^inctions seem to occur 
roughly every 26 million years. This has 
prompted speculation that periodic cos- 
mic events, perhaps comet showers as- 
sociated with an as-yct-iindiscovered sis- 
ter Star of the sun, have disrupted life on 
•garth with repeated cataclysms.^ 
^ Despite the controversy, a few things 
are knqwn with certainty about mass ex- 
tirictions* Fin#t, none Qccurrcd abruptly: 
Hard-shel%d marine spQcies seem to. 
have been %si at these times at a rate of 
about 1.2 species per 1,000 years. Even 
the rather sudden loss of the dinosaurs 
was spread over two milHon years. ^ Sec- 
ond, life does not bounce back rapidly 
from mass extinctions, Kach was fol- 
lowed by a biological lag of several mil- 
lion years before, new species emerged 
to reestablish thq previous level of diver- 
sity. And third, humans caused none of 
the great extinctions of the distant past. 

That was true until the late Pleisto- 
cene era, which ended 10.000 years ago, 
when many of the dominaril large mam- 
mals in North America and Europe dis- 
^appeared. Although a changing glpbal 
climate probably played a part, the de- 
* mise of woolly mammoths and saber- 
toothed cats has been ascribed to the 
appearance of Neolithic hunters. Early 
tribes may have hunted the great crea- 
tures using fire drives, inadvertently 
creating the prairies of the Great Plains 
in the process* 

Ten thousand years is a long time in 
human terms, a span beyond the dm a- 
tion of governments, beyond even the 
records of written history. But in the his- 
tory of life it is an instant, far too short 



caiise the extinctions were so limited in 
kind and extent, but also because there 
clearly has not been enough time since 
then foi the origination of distinctly new 
species in nature/* 

Against this backdrop, the curretit 
contraction of biological diversity is 
cause for alarm. And while complete dis- 
appearance is most serious, other losses 
mei it attention.' Unique races and popu- 
lationsrcan also be extinguished; such di- 
minishment of gt^netic variety within a 
.species must be counted a biological 
loss, for the pool of further evolution is 
gradually drained. 



Diminishment of genetic variety 
within a species must be counted a 
biological loss, f9r the pool of fut^ 
ther evolution is gradually drained. 



Extinction i^tes and their conse- 
quences ^ would be known with more 
confidence if scientists had a complete 
inventory of life on earth. Unfortunately, 
our lists are fur from exhaustive. About 
1.5 million living organisms have been 
scientifically^ described. Flowering 
plants, fish, amphibians, reptiles, birds, 
and mammals total about 290,000, of 
which plants alone account for 85 per- 
cent,"^ Yet from the patterns and distri- 
bution of species already investigated, 
scientists suspect that between 5 million 
and 10 million species remain unde- 
scribed, and estimates as high as 50 miK* 
lion have been made. 

This wealth of life is distributed far 
from equitably among different regions. 
From forest survey? anc^^amples of 



study plots^ it is clear tha^he tropics 
to fill bipfogical gaps adequately. As host a richer array of treeV» flowering 
George Gaylord Simpson notes in Fossils plaats. insects, birds, and higher animals 
and the History of Life, *The late Pleisto- than earth's cooler regions. Costa Rica's 
n$ have not been followed * La Amistad Park» for^xample. which is 



cene extmctl 



by a rise in originations— not only be- smaller than Rhode Island, is home to 
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; more bird species than inhabit all of 
North America, Of the 250.000 named 
sjTecics of flowering plants, moro than a 
third are native to tropical America. The 
richest of tropical life /.ones arc the rain 
forests. Covering just 7 percent of the 
earth's land surface, rain forests may 
harbor more than 40 percent of all hving 
*plant,s and animals. As might ,be ex- 
pected with sifch a high concentration, 
many specie^ are restricted (o small 
areas and l>igl>ly dependent on others 
f<>r food» pollination, or protection dur- 
ing critical pha.ses of their life cycles,*'^ 
Researcl^ers have recently turned .to 
the least-known zone of this little-known 
region — the canopy of tropical forests — 
and found i( to be a far richer proviijce 
of life than ever imagined. Adapting 
mountain climbing equipment and tech- 
niques to the great rain foiTst trees, and 
Vising biocides that selectively kill can- 
opy^yisects in a smalt study plot, scien- 
tists workingjn Peru have uiKovered ev- 
idence that estimates of tropical species 
must be multiplied manyfold. Based on 
the new survev, entomologist Terry Lee 
Erwin of the Smithsonian Institution be- 
lieves the nuiyber of insect species alone 
may total close to 50 million, 
. Far from engendering complacency 
about disappearing species, the new 
findings make exinction rates even more 
criticXiK I he research illustrates that 
many tropical species are more fiighly 
localized* and thereby more vulnerable, 
than anyone previously believed. Four 
out of five of thejnsects Erwin collected 
aretiew to science* His results so far re- 
veal that Aearly 9 out of 10 tropical in- 
sects are restricted to a particular type of 
forest, and as much as 13 percent exist 
on only one species of tree."^ 

Since species lists are incomplete, pat- • 
terns of resource and jand use must be 
used to judge the seriousness of recent 
pressures on biological diversity. Rates 
of forest clearing in tile tropics, the 
health of certain key indicat6r ecosys- 



tems, and changing patterns of natural 
catastrophes provide useful proxieJj for 
more precise measures of species loss. 
The peculiarities of tropical forest biol- 
ogy^ihe high propor^n of endemic 
species and their complek ititeraction.s — 
have prottipted tropical biologists to rely 
on rates of forest cutting for rough ap- 
proximations of plant and animal extinc- 
tions. Biologist Thomas Lovejoy of the 
World Wildlife Fund used this approach 
to estimate species extinctions lor l^he 
Global 2000 Report to the President, show- 
ing that 15-20 percent of living species 
could be pushed to extinction by the 
.year 2000 under the range pf deforesta- 
tion estimates^contained in the report. 
Lovqoy suesscd that insects and plants 
would sufler the most,"^ 

The richn^^ of tropical forest species 
today may be due in part to natural con- 
tractions the^ forest /one has ex- 
perienced in its evolutionai7 past. Ad- 
vancing glaciers and cooler clinmtes 
during the ice ages are thought to have 
caused tropical fofests to retreat into 
climatically stable "refuges. ^ With the 
V?radual creation of "islands" of forest in 
a sea of grassland more tolerant of an 
ice-age climate, isolated populations of 
forest species gracTually diverged, ulti- 
mately becoming fully distinct species, 
lliese newly diverse varieties spread as 
forests recovered in a more benign cli- 
mate, progressively enriching the set of 
species of the whole tropical zoneJ^ 

The existence of these species-rich re- 
fuged means that the biological impacts 
of forest clearing cannpt simply be ex- 
^ trapolated from deforestation rates 
alotie. Lovejoy and his colleague Eneas 
Sal:iti conclude that **the relationship 
between the percentage of Amazonia de- 
forested 4 and, the percentage of 
Amazonian biota threatened with extinc- 
tion depends, therefore, on the extent to 
which deforestation is aimtd toward or 
away from refugia/J^^ Unfortunately^ 
these well-endowed zones have not been 
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thoroughly mapped in the Amazon, and 
their lo^tions in other tropical regions 
are even le^s known. Until species-rich 
refuges hvc^ been identified, mapped^ 
and\prote^ed, deforesttitiouMvill con- 
tinueltr^ a particularly deadly form of 
Russian roulette, 

Although islands of forest are created 
when land is cleared for timber or agii- 
culture^ the ultimate effect is quite differ- 
ctj^t from previous xon tract ions. First, di- 
versity of species is closely related to the 
amount of undisturbed habitat available. 
As a forest is reduced to islands or re~ 
fuges, many animal species disappear 
faster than new specie!? arisen Second, as 
populations are localized into smaller 
tVagmented areas, they become vulnera- 
ble both to the effects of inbreedmg, 
which diminishes inherent genetic varia- 
tion, and to chance fluctuations or dis- 
ease epidemics that can quickly wipe out 
small populations.*^ Because patterns of 
tropical development are haphazard, un- 
disturbed forest remnants today are far 
|iXiaHer than^ the natural refuges of the 
^^^t> too smKH to allow new species to 
^m. 

The status of the mftngrove forests of 
the 'world's coastal artas is a second im- 
portant indicator of how species are far- 
ing — in this case, in adjacent ecosystems 
both on- and offshore. These partially 
submerged forests line coasts and rim 
estuarie^ in the tropics and subtropics, 
where they stabilize shorelines and pro- 
vide shelter and spawning grounds for 
many ecbhomically important fish and 
shellfish species, 1 hough mangroves are 
often cut a» coastal areas develop, forest 
losses are aifficuU to assess since few in- 
ventories have been conducted. The 
mangrove area on tro|)ical coastlines 
may have J^een cut by a third already; 
one estimate puts the annual toll from 
forest cutting and degradation at 260,- 
000 hectares. A 1983 survey by the Inter- 
national Union for the Conservation of 
.Nature and Natural Resources (lUCN) 



identified 20 plant and 89 animal species 
known to be at risk of extinction in man- 
grove forests and pointed out that "in 
the majority of the countries con<iaining^ 
mangrove resources, both the types of 
plants and animals associated with man- 
grove fmests and the distribution and 
extent of the mangrove plant communi- 
ties are poorly known/*^^^/' 

A third prpxy for estimates of species 
loss is the pattern imd extetu of natural 
catastrophes, which legulai^y disrupt 
forestlands and can considerably vedure 
biological diversity. The ^'naturaV event* 
of recent years that has perhaps had the 
greatjj^st effect on living diversity was the 
massive forest fire that blaxed for three 
months in early 1983 in Indonesian Kali- 
mantan on the island of Borneo. Oveji* 
3,x5 million hectares of forest bunted: 
800,000 of primary forest, 1,4 million of 
commercially logged woodland, 750^000 
of second-growth forest that sustained 
shifting^ cultivators, and 550,000 hec- 
tares ot peat swamps. This charred area, 
nearly the si/e of Taiwat^, is a single loss 
equal to nearly two years of human- 
caused deforestation throughout South- 
east Asia.*^ ^ 

Large fires were previously MLnknown 
in tropical moist forests; any area that 
get^ five'times as much rairt as (alls on 
New York City or London should surely 
be difficult to igtute. But drought caused 
by the anomalous climatic patterns la- 
bcMed **El Nino** dried thejorest; as trees 
dropped their leaves in an effort to con- 
serve moisture, a ready tinder ac^ 
cumulated on the forest floor. Shifting 
cultivators started smaU burns to cle^r 
cropland; lightning probably ighited 
fires as well. Once small fires spread out 
of control, brush and damaged tree*s left 
standing by selective commercial log- 
ging intensified the blaze. The firo- in 
Kalimantan was not a strf ss tq which the 
region's species had adapted, and the bi- 
ological losses were severe,*^ 

(Hose examination reveals some im- 
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portaht hun\an causes of tii[« natural ca- 
tastrophe. The ranks of dultivators in 
Kalimantan had recently be^n increased 
by 10,000, resettled as.pj^rt of In, 
done5ia*s massive 'transmigration" pro- 
gram meant to reducx^ the ovcj-rpopula- 
tion of Jav9 and Bali. Both farmers and 
directly promoted the fire's 
spread. Researchers at the University of 
Hilmburg' suggest that changes in the 
turbidity of coastal waiters due to soil 
erosion in Southeast A.$ia ntay haVc al- 
tered regional atmospheric currents, 
contributing to the drought. Thus hu- 
man-caused deforestation on the sub- 
-continent may have inadvertantly trig- 
gered the natural" catastrophe in the 
forests of the Malaysian archipelago.^* 

■■ ' y , -- "— - ^' - — " — ■ — 

.Deforestation^i^e sub-continent 
may have inadvertantly triggered 
^the "naturar* catastrophe of the 
Malaysian archipelago. 



The constellation of factors im- 
plicated in Kalimantan's conflagration 
hold lessons for other tropical regions. 
In particular, the Brazilian Amazon also 
hosts large-scale resettlement schemes 
ar^d timber concessions; a disruption of 
thi^ area*s hy4^ipgical cyde that fos- 
tered drought conditions could make a 
similar catastrophic fire possible. As tijlis- 
cussed in Chapter 1 , hew research indi- 
cates that the forest cutting in Brazil may 
already hfi affecting the region's hy- 
drology; <Jven forest- clearing that steers 
clear- of the species-rich refuges could 
Compromise' the region's biological fu- 
ture by increasing t1ie likelihood of mas- 
sive ''natural*' disasteis.^^ 

Although therfe are some who ques- 
tion these rates of tropical deforestation 
and other ecological change, there is vir- 
tually no dissent from bjologitts con- 
cerning the effects of large-scale djsrup- 



tion of primary forests. Reviewing the 
various estimates of forest disruption, 
the oeculiarities of tropical biology, and 
the records of previous extinctions in the 
history of life, Daniel Simberloff of 
Florida State University puts the pro- 
spectivc \os^ of tropical species *well 
within the class of mass extinctions that 
hjive punctuated earth's history half a 
dozen times in the last 500 million years. 
U may be the first such extinction to 
affect so widely the plants, insects, and 
^ invertebrates that sustain higher life. It is 
without a doubt the first mass extinction 
to which humans will have to adjust.*'* 

At the news that widespread extinc- 
tion.H are already occtirring, some will 
wonder why losses of in$ects, plants, and 
even vertebrates should concern us. 
'^fhey should remember that the emer- 
gence of flowering plants-^bearing 
abundant edible' seeds, roots, tubers, 
and fruits^-mayjhave laid the foundation 
for the emergence of humatiity . As bibl^ 
ogist Lynn Margulis observes, ''the ac- 
tual steps that led to the origination of 
seeds and fruits are not known, but that 
evolutionary innovation changed the livr 
ing world by producing an environment 
in which man and other mammals could 
survive. As discussed in the next sec- 
tion, the potential UsSes of higher plants 
are far from fully exploited; reversing 
the evolutionary tide that cast us ashore 
seerqs unwise indeed* 



THt; Foundations of 

AgricultvreI 

* .J 

The genetic diversity within the handful 
of crop and livestock species that feed 
Humanity — so-called germplasm re- 
sources — holds much of the potential for 
improving agrictiltural performance. At 
the same time, great opportunities lie in 
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broadening the base of species that pro- 
vide our food and fiber. An agriculture 
sufficient to feed a world population ex- 
pected to double in the next 40 years will 
need and use both kinds of diversity, 

Increa»tftg hat^vesis rest on a foiuida- 
tion of gfcnetic diver$ity that has pro- 
vided th? tiinge of variation for improv- 
ing cropvS to date. Throughout most of 
history* the selection and breeding of su- 
perior plaints was done by individual 

^farmers working from the limited stocks 
in iheir fields, augii^ciited by occasional 
spontaneous crossesVUhwild relatives 
nearby. Cultivated crop,srthough single 

,species» coniained an incredible array of 
genetic types adapted to local circum- 
stances. 

. In industrial countries, few fanners 
can spare the time or land for plant 
breeding. The selection of high per- 
formance (^rops today is done by goveni- 
ment scientists and by private companies 
who «ell specially J>red seed to farmers 
for planting. Fanners have traded their 
independence from the market for 
higher performance and larger harvests; 
as a result, a few successful varieties are 
planted on millions of acres. ^'-^ . 

Fifteen yearj after a devastating epi- 
demic of Southern Corn Leaf Blight cut 
the U.S. corn harvest by 15 percent and 
alerted the nation to the genetic vulnera- 
bility of its crops, a visitor to the whe^t- 
fields of the Dakotas pr the corn fields of 
Iowa can §till see row upon row of uni- 
form plai|t3 stretching to the horizon. 
Yet under this uniformity lie forms of 
diversity not available to most of the 
world's farmers. The many varieties 
under study by the private plant breed- 
ing industry, the widely available infor- • 
ritation on pest outbreaks and weather 
conditions wbrfdwide that constitutes ah 
*'early warning system/' and a seed in- 
dustry that can transport varieties 
quickly to areas that need them all pro- 
tect Am'ericah farmers from fatal vulner- 
ability.** These safeguards have come at 



a substantial price: U,S. farmers now 
spend dver $4 billion e**ch year on seeds, 
and while the co,st per ton of grain har- 
vested has declined in real terms over 
the past three decades, the cost per har- 
vested acre has doubled. (See Tabic 
f>«2,) ^ ' . 

In a 1972 report on genetic vulnera- 
bility, the National Academy of Sciences 
listed reserve stocks, land held out of 
production, crop insurance, and the 
ability to convert corn and soybean acre- 
age back to wheat suitable for humat^ 
diets as other important margins of pro- 
tec tion against a large-scale crpp failure 
in the United States. Such ^'irtvisib^ di- 
versity'* reflects the affluence of Ameri- 
cans in this field but contributes little to 
the security of most the rest of the 
world's farmers. Most developing 
countries have negligible reserve stocks, 
little or no ,<urplus cropland, no system 
for insuring crops, and a much larger 
reliance on cereal grains for food than 
North America, Many Third World na- 
tions must opt for lower yields and less 
crop uniformity in order to get the extra 
margin of resistance to disease that 
planting a wide range of locally adapted 
varieties affords. 

Until recently, international assistance 
aimed at boosting harvests in the devel- 
oping world placed more emphasis on 
increasing yields than on maintaining 
stable harvests* The semid^arf varieties 
of wheat and rice developed by the inter- 
national agricultural research centers 
two decides ago— varieties that channel 
more energy into grain production than 
into plant growth— have increased har- 
vests substantially. But progressive 
JTarmers* adoption of modern varieties 
and increased irrigation halj enabled 
thenTto harvest two or more genetically 
uniform crops each year. This has led to 
Serious pest damage and hastened the 
replacement and loss of many locally 
adapted varieties of rice that could hold 
traits useful to plant breeders. During 
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TnWe 6-?. $««d Cost* in U.S. 
Agriculture, 195(M3 



Yenr 


Seed 


Seed Cost 
Per Ton 
of Grain - 

Produced' 


Seed Cost 
Per Acre 
Harvested* 




(milUaiii 

V. lull 4.1 1 .3^ 


(dollars) 


(d^^llars) 


1950 


2.100 


15.79 


♦ 6.25 


1955 


2.006 » 


14.54 


6.02 


1960 


1.629 


9.00 


5.13 


1965 


; 2.088 


11.34 


• 7.15 


1970 
1971 
1972 
197.^ 
1974 


2,183 
2.407 " 
2.404 
3,297 


11.67 
10.11 
10.54 
13.85 
17.8^ 


7.55 
8.02 
8.31 
10.43 
11.30 


1975 

1978 
1979 


3.665 . 
3.855 
* 3.824 
3,781 
3.905 


14.72 
14.94 
14.37 , 
13.70 
12.89 


11.11 
11.68 
.11.31 
11.46 
11^48 i 


1980 
1981 
1982 
1983 


4,0.50 
4,342 
4.1.54 
3,468 


15.00 
13.04 
12.29 
16.67 


11.88 '\ 
12.30 

, 11.87 

1 11,84 



^Calculated jn constant 1983 dollars. 
soimcEs: WorldWatch Institute estimates based on 
data from U.S. Departtncnt of Agriculture (USI)Aki 
Economic Research Service (ERS), Economic Itidka^^ 
tors of (he f<!fm Sector: Income iind Bahnce Sheet Statist 
Iks, 1982 (Washington, IXC: U.S Governrncni 
PrintinjrOfhcc^ 1983): USDA. Econ^mk Jtndicaton of 
the Rtim Stfclor: Pro(iuctk>n and Efficiency Statntks, 
1^82 (Washington. D.C.: U.S. Oovernnient Prin^ 
tingOflfice, 1984); USDA, ERS. World hidkes of Agfi-- 
c^iltximl and Food Production, /95(?-<y5 (\inpubHshed 
printoMt) (Washington> O.C: I9{^4), 

th^ late sixties and t^e seventies, serious 
damage to rice harvests due to pests and 
disease outbreaks in modern varieties 



was reported in India/ Indone:ua» the 
PhiHppines, South Korea, South) Viet- 
nam, Sri Lanka, and Taiwan,^f 

For the 800 million farmers of th^ 
Third World, monocultures\emain the 
exception, not the rule, although among 
farmprs who have adopted modern 
methods thi$ approach is becoming 
more common. According to geneticist 
T.T, Chang, head of the International 
Rice Germplastb Center in the Philip- 
pines, many Asian rice farmers '*inten* 
lionally plant a mixture of different var- 
ieties in the same field to forestall 
epidemics/^ Thai farmers plant the mod- 
ern senliidwarf varieties on part of their 
land during the dry season and sow tra- 
ditional varieties during the monsoon 
season. They have thus established a sys^ 
tern that allows them to take advantage 
of the productivity of irrigated modern 
varieties during dry months and the sta- 
bility of the traditional varieties in the 
wet season when pest outbreaks are 
common. Ihi^ strategy of hedging 
against likely environmental or climatic 
damages amounts to '*the most effective 
long-lasting means of stabilizing yields,*' 
according to Chang:^^ 

By "the early eighties, 10 of the wpricl*s 
13 international agricultural research 
centers had be^un to focus on germ- 
^ plasm conservation as a vital element of 
their strategy to |^oost fpod supplies. In 
countries and regions where there are 
few commercial or national plant breed- 
ing efforts, new crop varieties are devel- 
oped and distributed from the centers. 
Their efforts To collect and catalogue tra^ 
ditional crops and the wild relative^^ of 
sOch crops in developing countries may 
be even more import>ant over the long 
run. Locally adapted varieties, called 
landraces, offer an unexploited ocean of 
potentially useful genes for crop breed- 
ers, but unless^Jlliey are collected when 
high-performing varieties replace them, 
they quickly disappear. Botanist Garri- 
son Wilkes points out that **the techno- 
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logical bind of improved varieties is that 
,ibcy eliminate the resource on which 
they arc based/ 



Gene banks in Third -World coun- 
tries ure likely to outitui|iber those 
in industrial nations by the end of 
the eighties. 
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For a decade, collecting and conserv-* 
ing crop germpla.sm has been coor- 
dinated worldwide by one of the 13 in- 
tcrnatipnal centers, the International < 
Board fbr Plant Genetic Resources. 
IBPGR has overseen fneld collection of 
crop varieties and the establi^shment of 
gene banks that store at low tempera- 
tures the seeds and cuttings of mo$t 
major food and commodity crops. 
Though the first and Urgest gene banks 
were in the United States,' Western 
Europe, Japan, and the Soviet Union, 
germplasm is now stor'ed in many Third 
VNtorld countries as well (Sec I able 6-3.) 
GeVe bmks there are likely to outnum* 
ber those in industrial nations by the end 
"of the eighties.^ ^ 

One specific benefit these offer the. 
Third World is a moii^urc;, of insurance 
against age-old natirral and social cata$- 
trophes. Stresses like the severe droiight 
in Africa and regional wars jn Centi^l 
America and Southeiist A$ia can force 
people to eat the sbed that should be 
saved for planting. Traditional rice var- 
ieties lost in Kampuchea during the 
seventies, for exatnple, were restored 
from holdings of the International 
Rice Research Insiitute- in the Philip- 
pines.^* 

Although the establishment of gcrm- 
pl^im collections is a positive develop- 
ment, it signals that '*the centers; of ge- 
netic variability are moving from natu,ral 
sSystems and, primitive agriculture to 
gene banks and breeders' working col- 



lections with the liabilities that a concen- 
tration of resource (power) implies/' 
points out Garrison Wilkes .^^ O^jie resuU 
ha$ been the emergence of political dis- 
putes over the control of germplasm. hi 
November 1983, the U.N. Food and Ag- 
riculture Organization (FAO) adopted a 
notibinding '^International Undertaking 
on Plant Genetic Resources*' at its 
twenty-second biennial conference. The 
agreement proposed establishing a 
coordinatecSm?^work of national, re- 
gional, and international centers lor 
base collections of plant germplasm and 
putting existing gene banks under FAO 
auspices.^'* 

GontroN'ersy erupted around the pro- 
posers endorsement of the principle of 
*Tree exchange of germplasm/' At issut^ 
was whether elite breeders* stocks, the 
pi oduct of long and costly commercial 
breeding efforts, should be exchanged 
among countries on the same basis as 
wild species and twditional cultivated 
varieties that had never undergone de- 
liberate scientific selection for their 
traits. The United Srates, Japan, and the 

Table 6-5* Number of Samples of Mi^or 
Creps Held in Cene Banks In Industrial 
and Developing Countries, 1983 





Industrial 


Developing 


Crop 


Countries' 


Countries ' 




samples (countries) 


Wheat 


246,700 (7) 


87,000 (3) 


Rice 


50.800 (3) 


148.500 (11) 


Maite 


40.900 (4) 


36.450 (4) 


Sorghum 


42,900 (3) 


37.000 (4) 


Barley 


127,500 (7) 


47.500 (4) 


Millei 


4.300 (3) 


34.500 (2) 


Potato . 


20,600 (4) 


21,400 (2) 


||»oybeant 


14.350 (3) 


15,900 (2). 



^Includes short-, medium-, and long-tem> stor- 
age facilities. . . 
SOURCE: Adapted from L. Pluckimt ct al., *'Crop 
Gcnfiplasm Conservation and Developing Cpmv 
ir\e$t*' Science, April 8, 1983. ^ 
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countries o( Western Europe felt the 
FAQ proposal undermined economic in- 
terests and contravened laws that made 
some breeders-' stocks proprietary mate- 
rial in their counh ies. Its advocates, such 
as Colombia, Qtiba, Libya, and Mexico, 
countered that /he breeders in industrial 
countries currently had free access to the 
genetic resources of developing coun- 
tries that they then developed into com- 
/ mercial varieties to be sold bgck to the 
/ Third World at considerable profit. 
/ There, ai e actually few restrictions on 
/ the exchange of germplasm, particulai ly 
for breeding purposes, and the gwwing 
ranks of gene banks in ^he Third World 
should allay fears that the West hopes to 
"corner the market" on crop germ- 
plasm. Many countries urgently need to 
develop plant breeding programs to 
work with stored material and to adapt 
to national needs the varieties supplied 
by the international agricultural re 
search centers. Although private seed 
companies are seeking markets in some 
developing counu ies. it is still ministries 
of aghculture, not private companies, 
that distribute improved seed to farmers 
in most of the Third World.'* 

The debate on gene banks and who 
controls them tends to obscure the fact 
^ that existing collections for major crops 
are largely complete. Evaluation ^rntinse 
of <pllected germplasm and an effort to 
preserve landraces and wild crop rela- 
tives where they still exist are the critical 
needs of germplasm conservation; by 
casting doubt on the status of (he exist- 
ing system, the FAO proposal may ac^d- 
ally slow progress toward these goals. 

Though national gene banks an<j the 
collections of the i^VeytKitional agi'icul- 
lurai research centers? include vas(t num- 
bers of varieties already, nujnber^ alone 
do not guarantee conservation. Seed 
migst be periodically regenerated, and 
varieties assessed for their agronomic 
qualities. Seed that is left for too long 



before being grown out or that is im- 
properly stored will lose its viability. Ac- 
cording to William L. Brown, fonner 
Chairman of ^oneer Hi-Bred Interna- 
tional, more,com germplasm may be lost 
from poorly managed gene banks than 
from fields that collectors have not yet 
visited.'^ 

The idea of sotting aside parks for 
crop relatives ^nd landraces may. seem 
like an impos.sible luxury in countries 
whei e farmland is already at a premium, 
but this may be the leAst costly and most 
advantageous way to ensure the future 
contribmion of presently uncollected 
genetic resources". Gene banks in effect 
"freeze" evolution. Allowing crop popu- 
lations to grow naturally and to adapt to 
pest attacks, competitor .species, and 
weather and climate ftuctuations keeps 
them dynamic in an evolutionary sense 
and fosters ,new gene combinations. 
Donald Duvick, Pioneer Hi-Bred s direc- 
tor of plant breeding, maintains ihat 
"the concept of 'gene parks' where cj op 
species in the broadest sense can. co- . 
evolve with their pests seems to be the 
only way to conserve genetic varial^ility 
in any truly wide-scale evolutionary 
sense. Gene 'park.s would not take the 
place of gene banks; they would be logi- 
cal (and biological) adjuncts to them."*'' 



Beyond Conventional 
Species 

The 30 or so most familiar domesticated 
plants arid animals are by no means tlie 
only species With useful traits, Gharies 
Damin speculated that the plants and 
animals of unexplored regions could be 
bred deliberately to reveal "a standard 
of perfection comparable with that ac- 
quired by the ^plants in countries an- 
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cienily civilized/*^^ As new teclutologics 
(or breeding and improving species 
emerge, unconventional livestock and 
plan)^s are likely to make a growing con- 
tribution to the world^s food security. 

Among the most ^promising candi- 
dates for enhancing animal husb^mdry 
are species used by tniditional cultures 
throughout tl\f world. Although coun- 
tries in the temperate zone know cattle, 
horses, pigs, and sheep, the familiar 
breeds of these animals perform podrly 
in the heat and humidity of the tropics, 
i Aninnals like the banieng of Indonesia, 
the nnthan of southeast and central Asia> 
and the yak that is native to high ahi- 
tudevs of the Tibetan plateau ofler a har- 
diness and adaptation to harsh enitiron- 
ments that cattle cannot match. They 
c?in also breed with cattle^ producing ex- 
otic hyl^rids like Indonesia's madiy^]. 
which can run a>s fast as a horse, and^ 
yakows, which combine the hardiness of 
yaks with the higher milk [^^duction of 
cattle.5» ^ 

Another step removed from these ex* 
otic but <rtready domesticated species are 
wild animals related to domestics, whose 
potential contribution to food supplies is 
virtually unknown. A primitive bovine 
called the kouprey. which wanders the 
rugged war-toin border between Thai- 
land and KampuchQa, is even larger than 
domestic cattle and may be resistant to 
rinderpest, a devastating livestock dis- 
ease. Though the kouprey is on the brink 
o( extinction, occasional reports suggest 
that some may still exist in the wild. Less 
threatened, tli^^lf^i hardly less exotic, 
the piglike babirusa pf Indonesia has an 
extra Stomach sac that may be a rumen, 
allowing the ahiitial to foi^ge and thrive 
withom the grain and high-quality feed 
that hogs require. Since they tame easily, 
babirusas may prove to be a valuable 
source of animal protein in poor rural 
areas where grain cannot be spared for 
feed,-»o 



A techiK)logical revolution in the live- 
stock industry of the industrial world 
may make the use, and indirectly the 
conservation, of these unconventional 
species far quicker and more widespread 
than otherw ise possible. Artificial insem- 
ination and in vitro fertilization can cross 
parents from different continents. Freez- 
ing and transporting embiyos and im- 
planting them in surrogate mothers may 
permit Introduction of some species to 
countries where quarantine regulations 
bar the entry of adults. Researchers at 
the University of Florida, for example, 
hope to import babirusa embryos from 
Indonesia and implant them in domestic 
pigs to study the animal's potential /or 
domestication.'** 

Wild species are poorly dociuiit'nted. 
knowledge of valuable hybrids is Spotty, 
and no one agency cooidmjites world- 
wide efforts to improve livestock species 
or conserve their wild relatives. Accord- 
ing to the United Nations Environment 
Programme (UNF^P), 'animal genetic re- 
sources have been seriously, jjeglected 
by comparis6n with plant genHk re- 
sources/'^* Attempting to fill th;s^)j^, 
UNEP and FAO recently launched an arK 
nual bulletin on animal ganetic re-\ 
sources, and the Board on Science and 
Technology for International Develop- 
ment of the National Rt^search Counfil 
in the United States has supported a se- 
ries of projects on unconventional, ani- 
mals and farming systems. The surface 
has barely been scratched on this subject 
of enormous potential benefit to rural 
families throughout. tlu^JCbitd World. 

Paralleling researchers* interest in un- 
conventionJll livestock, plant scientists 
are investigating staple crops and vege- 
tables that have been planted fof milt 
lennia but overlooked in recent (fenera- 
tions. One such crop is quinoa, whieh 
once complemented eorn as a staple of 
the Inca empire in the South American 
highlands. Recent surveys haye* found 
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th^it the plant, s^II grown by traditional 
highland communities, has a high pro- 
tein content and an amino acid balance 
thar compares favorably witli milk. Its 
exceptionai drought resistance and pro- 
ductivity on saline and alkaline soils sug- 
gest that quinoa may once again become 
an important crop in marginal areiis.**^ 
Amaranth, a staple food of the Aztecs, 
is now being studied in Mexico, Africa, 
India, Southeast Asi^i, and the United 
States. Amai^anth seed comes closer than 
any of the major cereal gi ains to provid- 
ing peoj^le with a full supply of amino 
acids, and the leaves are edible as a 
green vegetable as well. In 1981 the In- 
tern^ktionai Board (<or Pliant Genetic Re- 
sources surveyed the status of amaranth 
germplasm and implemente^d a global 
plan of collectipn and preservation, for 
current holdings in the United vStates> 
India, and Nigeria are far from com- 
plete.^^ 

The oil price increases of the sevcfnties 
focused attention on the plant kingdom^ 
as a potential source of substitutes for 
fossil fuels and petrochemicals. The 
searchihas already begun to pay off. 
Jojoba, a succulent plafnt native to the 
de^rt of the American Southwest,, bears 
se^S that can be pressed to yield an in- 
dustrial oil comparable in quality to 
sperm whale oil. The cost of jojoba oil * 
^ has decjined Steadily, and output is ex- 
pected to reach a million gallons by lyyO 
in the United States alone, Vernonia ^Id- 
mmsis, a plant native to east Africa, As a 
natural source of epoxy acid, a material 
used in the manufacture of polyvinyl 
chloride. ThelJ:S. market for epoxy oils 
is estimated at $100 milHdn, and.a U.S. 
Department ^f Agriculture plant explo- 
ration officer who evaluated this ver- 
nonia has su|[gested it be cultivated in 
Zimbabwe, where it might becomt a sub- 
stantial tfxport crop and an impoitant 
source of foreign exchange « Though 
these examples seem inconsequentjal 
beside the world's vast flows of lubricat- 
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ing oils and petrorhemicals, they reprt 
sent substitutions that will becolne com- 
mon in the years ahead.'*'' 

A new commercial crop from the 
world's arid a^'^as is guayule, a wild 
shrub that produces a rubber virtually 
indistinguishable fron[i natural rubber. 
Among the plant's virtues are its ability 
to thrive in water-short desert areas and 
its potential role as a second line of d^ 
fense against the genetic uniformity of 
the world*s crop of rubber trees in |)ra-* 
zil, Indonesia, and Malaysia. Guayule 
promises a new source of export earn- 
ings to countries seeking productive 
uses of arid lands, 

Despite humanity's dependence on a 
variety of tree species for fuelwood, fod- 
der, buiWing^materials, and medicines, 
the genetic resources of forest species 
have neyer been systematically evalu- 
ated. Althougli the wild relatives of some 
crops like grain sorghum and rye can 
survive anci even thrive on disturbed 
land, slower-growing trees with intricate 
ecological relationships often succumb 
to environmental dist^urbance, and valu- 
able forms can be lost/ 

Conservation of tree genetic re- 
sources will require the creation of for- 
est preserves, ^though many tree $eeds 
can be preserved in gene banks,' regene- 
rating seed and evaluating the useful 
properties of mature trees can take 
decades. Natural stands that have desir- 
able characteristics such^s drought re- 
sistance are otten highly locali:£ed, sO 
populations must be surveyed and useful 
gen^i pools preserved. The National Re- 
search Council published a systematic 
review of fuelwood species in the tropics 
in 1983, but thus fur no one has offered 
to coordinate a worldwide effort to iden- 
tify and preserve useftU tree geriftplasm. 
Meanwhile, valuable gene ppols disap- 
pear as land is clearcid, urbart areas ex- 
pand, arid lands are degraded, and for- 
ests are disrupted throughout the 
world. 

'J - ■ ■ 
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^OTECHNOLOGY AND 
DlVERSITGV^ 

RidiA^ a wave of scientific discovery and 
financial enthusiasm, developers o! gftrne 
splicing aM^ther bioiechnologies have 
announcrSBiew era in Which a diversity 
of species ,aifa genes will supply a host of 
goods and services. Some applications 
of biotechnology can capitahze on tlie 
variability within life forms; others iriay 
intensify the pressures that modern agri- 
culture has brought to bear on wild rela- 
tives and tra<Jaional varit^-ties of crops, 
hastening thpif disappearance. Yet if 
practitioners see that a commitment to 
the conservation of living diversity will 
^erve their interests and ensure the fu- 
tu^ of this nascent industry, earth's 
myriad species may become more se- 
*cure. 

Some of4he researchers in apphed bi- 
otechnology are well aware that much of 
the future potential of their wor|c de- 
pends on access to the rich genetic diver- 
sity in hatur<^. Dr. Winston J. Brill of 
Agracetus notes: The accelerated de- 
struction of the ge^ pooj is doubly 
ironic. 1( is caused primarily by the cleai'- 
ing of land in the tropical raiu fol est for 
farming. Moreover, it is happening at 
the dawn of an age in which such gepe^lic 
wiefilth, until now a relatively inaccessi- 
ble tru^t fund, is becoming a currency 
with high immediate value. Useful as 
such a perception is, it overlooks the fact 
that traditional varieties and the wild 
relatives of cultivated crops, the gene 
pools most likely to prove immediately 
useful in biotechnological applications, 
are thr<>atened more by the spread of 
modern crop varieties to existing fields 
than by the clearing of n^w land. 

The unique potential of the biotech- 
nologies stems from the insight that un- 
derlying nature's diversity h a unity in 
the way genetic material encodes and ex^ 
presses the instructions for growth and " 
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development, The genes*^thut make up 
the chromosome;^ of * wheat and of l)u- 
mans are made of the same building 
bl^j and operate actording to similar 
There is nothing new about 
manipulating genes; as tnentioned ear- 
Htir, breeders have introduced and eUmi^ 
nated genes from domesticated- species 
for thousands oC years. Biotechnologies 
enable scientists to sidestep sex, to alter 
heredity more quickly and with more 
precision than natural breeding pemiiis. 
In sonic cases this involves manipulating 
genetic material itself; in others, scien- 
tists work with complete cells to cross 
the barriers that prevent reproduction 
between distinct species, changing the 
context in which genetic material is ex- 
pressed without rearranging the get)x^s 
themselves. 



Gene splicing techniques may fos-. 
ter t^ie conservation of species by 
making e^tic and endangered spe- 
cies directly valufible.^ 



Gene splicifig lechpiqucs maf foster 
the conservation of species by making 
exotic and endangered species directly 
valuable. THt most widespread applica- 
tion of this technology so far has been 
the insertion of genes for desired sub- 
stances into bacteria, whose metabolism 
' can%e commandeered to produce inter- ^ 
feron and other valuable chemicals in 
large quantity in fermentation tanks. 
Given the thousands of plant and animal 
species that produce useful drugs or 
chemicals, gene splicing may encourage 
the preservation of useHll genetic varie- 
ties while reducing th^ pressure to bar 
vest plants indiscriminately to supply a 
desired substance. 

One techniq<ie\hat can assist the con^- 
servation of threatened plants by making , 
it easier to screen them for useful prop- 
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eriies is tissue or cell culture, With this 
method, a single plant cell stripped of its 
rigid cell wall can be multiplied into a 
mass of undifferentiated cells called a 
callus, which is then incjuced to grow 
into a mature plant. The technique al- 
lows thousands of cells from a sitJigle 
plant to become * 'parents*' 6f a new gen- 
enition. While in the single-Cell qx tissue 
stage, cultures can be easily screened for 
tinits such as resistance to hefbicides 
and disease toxins. An astonishing fea- 
ture of tissue cultufe is that the process 
releases genetic varicttion in plants 
derived fron^ the Same parent; cultured 
plants could m some cases help rc^cotistj- 
tute genetic variation in n^re or overhar- 
vested species, 

Tissue culture also offers a way to pro- 
duce plaxit compoimds whose genetic in- 
structions are too complex to be spliced 
into bacteria. An endangered flower 
from Madagascar, the rosy periwinkle, 
supplies two d^ugs Valuable in -treating 
leukemia and Hodgkin's disease. At the 
University of British Columbia, . cultured 
cells of the K)sy periwinkle are beitig 
grown in tOO-liter batches^ and their an- 
ticancer cOmpoimds are being isolated. 
If the technique is a commercial success, 
it will offer a compejling reason for con- 
serving the species in tlie wild: The ge- 
netic diversity of wild populations is 
likely to harbor individual plants that 
produce more effective or more easily 
extracted forms of the drugs. 

Despite tissue culture's advantages in 
quickly selecting useful plant varieties, 
some of the most important cultivated 
plants cannot yet be consistently iTgene- 
rated in a laboratory. Standard tech- 
niques do not exist to regenerate wheat, 
corn< or soybeans. A more fundarj^ental 
difficulty, with tissue culture is the prob- 
lem of selecting useful agronomic traits 
at the single-cell or tissue level. Some of 
the most important traits of crop per- 
forimance are characteristic only of 
wholejplants and cannot be ttl43|itifted. in 




a petri di^jh* Selecting useful plants still 
requires that they be grown out^ a pro- 
cess that takes land, labor, and time,^^ 

While tissue culture can elicit genetic 
diversity from the cells of a single plant, 
a technique called protopl*^st fusion al- 
lows the genetically distinct cells of two 
species to be ton)bined intc^one. Proto- 
plast fusion merges two plant cells from 
which the cell walls have been removed. 
When plants are then regenerated, the 
result is an interspecies hybrid that 
cotdd not be produced by conventional 
breeding. Curious combinations like the 
. 'poniato'' have been produced^ but the 
complex genetics involved in combining 
distinct species seldom results in a viable 
hybrid with useful traits. Protoplast fu- 
sion may be more useiul for a)mbit\ing 
genes frpm related species that' do not 
interbreed successfully; . the technique 
could speed the introduction of useful 
traits from wild relatives into crops, pro- 
viding yet ^another incentive to collect 
and conserve wild varieties. 

The most powerful technique of plant 
biotechnology is recombinant DNA, or 
gene splicing. The ability to introduce 
specific genes into plant cells depends 
on the identification of useful genes in 
other species, the cloning of copies in 
bacteria, the transfer of the new material 
into cultured plant cells using an infec* 
tive bacteria or virus, and the regenera- 
tion of a transformed adult plant. In 
principle, genes from almost any source 
could be transferred into plants th^s way; 
in practices identifying useful traits that 
will bjt fcxpressed in their new cellular 
environment it^ just the right way is per- 
haps the most difficult step. As two 
prominent plant scientists point out, the 
techniques themselves do not help an- 
swer the most basic question: *'What 
genes can we transfer into plants that 
will improve a crop s'pecies?**^^ 

Recombinant 0NA increases the like- 
lihood that trajw like^disea«? resistance 
or drought tolerance will be transferred 
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from wild .species into cultivated crops. 
As with the other biotechnologie^i dis-' 
cu3Sed, substantial roadblocks remain. 
No bacteria or vims ha^f yet been found 
that cat\ jragsfer DNA reliably into the 
most important members of the grass 
family, which include the world's major* 
cereal grains. Improvements in corn, 
wheat, and rice will only come from con- 
ventional plant breeding for some time 
to come.*^^ 

The holy gwiil of plant biotechnology 
is the transfer of genes for nitrogen fixa- 
tion from bacteria to plants so that non- 
legumes like corn or wheat Can thrive 
without artificial fertilizer. The piocess 
is dauntingl^ complex. Seventeen sepa- 
rate genes of the bacterium KleLuella 
pneumo7uae encode the instnrctiops for 
nitrogen fixation; although these genes 
have been successfully transferred into a 
variety of yeast, whose cells resemble 
those of higher plants more than bacte- 
ria, the yeast C5||inot*fix nitrogen. Fhe 
nitrogen fixation carried out by 
RhMobium bacteria in the root nodules of 
legiunes is even more coiuplicated^nd 
less likely to be successfully integrated 
into the metabolism of plant cells. 

Although it seldom captures head- 
lines, engineering the microorgairisms 
that coexist with plants holds more im- 
mediate potential for improving agricul- 
ture than splicing 'the genes of crops 
themselves. This apprqach capitalizes on 
tlxb extensive knowledge of how to ma- 
nipulate microbial systems and on the 
fact that microorganisms are far simpler 
than plants. Some important opportuni- 
ties lie in improving the nitrogen-fixing 
ability of rhizobia^ irarisferring the abil- 
ity to fix nitrogen from rhizobia into 
bacteria that might be induced to attach 
thc^mselves to corn roots, and enhancing 
(he ability of some soil microorganisms 
to isolate soil chemicals iWdi can pro- 
mote bacterial and fungal diseases. 
Combining conventional plant breeding 
with the genetic manipulation of plants' 



symbiotic bacteiia may be the best \aiy 
to quicfly use the natural genetic divtrr- 
sity of both.^<* / 

1 he use of microbes and the direct 
nuuiipixlation of hig)>£r organisms are 
bolhjb^ing applied tb^mitl^ial husbandry 
as-wrll. Since almost all the methods of 
applying^ biotechnology to animals could 
be used on humans, this raise^ widely 
discussed ethical questions. Biotech- 
nologies likely to bc\>ipplied to animal 
husbandry range* frohi the design and 
production of new vaccines Ho the actual 
transfer of genes between species, yet 
the technologies with the greatest im- 
plications for biological diversity involve 
engineering the normal reproductive 
process. 

^Building on the accomplishments of 
artificial inse#nination» the mosi com- 
mon new techniques speed tint pace and 
extend the reach of genetic, change in 
livestock. Embryo transfer can turn prize 
cows into *\superovjtj[^itors/' genei*ating 
40 or more calves'a year without ac(ually 
having to give birti^. Although this com- 
presses the time in Which a herd can be 
improved with the genetic traits of supe- 
rior parents, it also hastens the eliilRina- 
tion of unidentified, potentially useful 
genetic traits from a herd. Cryogenic 
techniques first used 30 years ago to 
store bull semen for artificial inseiniua- 
tioii are now being used to freeze viable 
sperm, unfertilized eggs, and even pn- 
bryos themselves. A particular genetic 
constitution can be stored indefinitely, 
transported worldwide, and used when 
needed, much as^ plant germplasm is 
conserved ittid used today. The transfer 
of embryos into surrogate mothers, in 
some cases mothers of entirely dilVerent 
species, even provides a new way to 
propagate some endangered species in 
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All these techniques are currently ex- 
pensive and rely on sophisticated tech- 
nology. Not all animal species are suited 
to such manipulations; while doincs,(ic 
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aniitiab have been bred (or chou.sandij of 
years lor (heir reproductive hardiness, 
wild i?pe( ies ofien prove infertile in cup- 
jjtivity. Nonetheless, the abill^' of breed- 
*erj5 to produce and transporPembr70s to 
order will generate a worldwide business 
that has been estimaled at $1 billion a 
year by the end of the eighiies. Fhe po- 
tential market for biotechnology' |>ro- 
ducts in the livestock induslry-r--47.5 bil- 
lion in |981— is growing by 15-20 
percent each year>^ 

'"^"7""""^^"^ ^ — ^ 

Constraints on fresh wj^r and 
^ electricity supplies may sfcw the 
development of biotechnology in 
the Third World. 



Most of the researclt and all the com- 
mercial ^Icvelopment of biotechnology 
lias taken place in industrial countries, 
but many developing countries are real- 
i/ing that the new technologies could 
help them solvc\somc of the health, en- 
ergy, and agricgltuial problems that 
slow their development. Several institu- 

• tions have been proposed to speed the 
i\pplication of bicjtechnology to the 
needs of poor countries and train scien- 
tists from the Ihird World; the best 
known is the international biotecli- 
nology center of the United Nations In- 
dustrial Development Organisation 
(UNIDO). Fir.st proposed in 1981, the 
center was intended to broaden the 
focus of biotechnology research, which 
until then only addressed the problems 
of industrial countries. 

India and Italy have beer) chosen to 
host two ^'campuses*' of the UNIDO cen- 
ter, and other countries may be able tQ 

' atliliate their national biotechnology 
programs with the training and research 
* efforts of the center. Uhfortuitately, al- 
though l4aly has provided funds, other 
ptospective donor countries (France. 



Japan, the United Kingdom, the United 
States, and West|Ceniiany) have so far 
been reluctant td support the project, 
reportedly wary of stimulating competi- 
tion in a held in which they have a de- 
cided t*<chnical lead. 

On a more modest scale, a network is 
already in place to encourage the con- 
servation and use of microbiological re- 
sources within the Third W^oild. Spon- 
sored by UNKStX). the United Nations 
Environment FrQgramme. and the Inter- 
national Cell Research Organization, 
this Microbiological RoWifice Center 
(MIRCKN) network was pleated to * 'pre- 
servo microbial gene poofs and make 
them accessible to developing coun- 
tries/' The 12 MIRCKN centers, from 
(Guatemala to lhailand, produce cata- 
logs and maintain collections of impor- 
tant microbial strains. Brazil, Kenya. 
Senegal, and the United States host cen-* 
teis with a primary (bcus oy nittogen- 
fixing bacteria; others conduct research 
and training in applied biotechnology. 
Fhe informal MIRCEN network, already 
eflbctive in the Third WoWd, provides a 
foundation for technolog)' transfer 'that 
tlie controversial UNIDO center seems 
unlikely to replace. 

Even if industrial countries can be in- 
duced to share their expertise with de- 
veloping countries, con3U'Q^lllt^s on fre$h 
water and electricity suppliers may slow 
the development of biotechnology in the 
I hird World. The Organisation for Eco- 
nomic Co-operation and Development 
(OECD) found that the scarcity and high 
cost of water prompted the closing of 
tw^o Israeli beet. sugar factories. OECD 
concluded tha||^**the introduction of pro- 
cesses based on biotechnology may cle- 
pend on other technologies concerned 
with the production of fresh water/*<*^ 
Since most of the laboratory equipment 
used in the sophisticated work of splic- 
ing» transferring, and expressing desired 
genes *also requires electricity,^ uncer- 
tainties in its supply or overtaxed na- 
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K\ot%^\ electricall grids could also compro- 
mise the development of national bi- 
otecbnology programs in many poor 
countri<e5.** 

Helping the Third World to overcome 
the constraints that impede biotech- 
nology may be in the long-run interest of 
the commercial biotechnology industry 
of the United States. Europe, and Japan, 
Many of the likely applicaiions of ^^o- 
technology in developing countries — 

f)roviding fuel substitutes for oil ' and 
u^lwood, improving the performance of 
crops, upgrading the quality of food — 
can reduce the pressures of overharvest- 
ing and environmental degradation that 
'currently threaten the very genetic re- 
sources of wild populations that the in- 
duslry needs to draw on. Rew of tliese 
wild gene pools, the ii>w material for fu- 
ture medicipes, foods, ^nd fuels, are 
likely to survive intact where people 
must struggle to provide basic needs. 
^ Since the first labonuory experiments 
involving genetic engineering a decade 
ago, the possible release of genetically 
engineered 4>rganism$ into the environ- 
ment has been the focUs of considerable 
debate, making it diflicuU to speci^tc 
too much on the technology'/ eventual 
impact on efforts to conserve biological 
diversity. In the mid-seventies, the city 
council of Cambridge. Massachusetts/ 
voiced cotucern over the possible inad- 
vertent escape of engineered microbes 
from the laboratories where ^they wet e 
developed; a careful appraisal of the 
rj|b^ involved defused the early fears. A 
s^ond, more intractable phase of th^ 
debate was inaugurated with the first 
planned release of genetically modified - 
bacteria in 1983, 

A proje c^y University of California 
researcherJK) field-test engineered 
bacteriji^thl^uld retard the formation 
of frostl^n po^to plants was halted by a 
"fedenill|ourt order in May 1984. Since 
the ori^al injunction^ two tests by Uni- 
vei;|ity of California sciefitists and three 



by private companies have been post- 
poned pending an assessment of die en- 
vironmental impart of releasing geneti- 
cally engineered oiganisms^ Aside fi^m 
disputes over whether the National Insti- 
tutes of^ Health (which has informally 
ix^gulatcd recombinant DNA research 
since 1974) should conduct the environ- 
piental revie>v» and over which other fed- 
eral agencies have authority to regulate 
biotechnology in the United States, a 
more fundamental question has been 
raised over just how to assess the poten- 
tial environmental imphrations of the 
new technology. 

Scientists disagree about the impact of 
releasing genetically engineered organ4 
isms. Advocates point out that plants ov 
microorganisms in which single goies 
have been altered cannot be compared 
to introduced pests» such as the fungus 
that causes Dutch elm disease or the 
Gypsy moth; they aigue that spliced 
genes are ruled by the same biological 
laws that govern g^ne^ introduced by 
conventional plant breeding. Oppo- 
nents emphasize that even slight genetic 
changes can alter the checks and baN 
anm that ordinarily keep natural popu- 
lations in check. 

Researchers are unstn e even of what 
questions to ask in evaluating the cnvi- 
ronmental-impacts^'of engineered organ- 
isms; tjiere are few ways to predict or 
anticipate the complex ecological effects 
on which regulators must base their 
decisions, Biologists who study ccojpgy, 
physiology, and evolution must work be- 
side geneticists anjpl biochemists to eval- 
uate the risks. Unfortunately, the pace of 
development of biotechnology is likely 
to outstrip ou#i*understanding of ecolog- 
ical complexities. ^^'^ 

These questions about releasing the 
progeny ^( genetic engineering serve to 
remind us that biotechnology is be*tig 
introduced to^jvorld of biological com- 
plexity. Lab<5ratory rese^^^rchers are just 
beginning to recognize '*the dillerence 
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beiween the open field aind the (ermen- 
tiition tunk," writes Winston Brill of 
Agracetus. He cautions thai to ptuler- 
stand (he role of microbiology in agrkul- 
turc, **one mn^it begin to. explore the 
ijubtle question of the interaction of mi- 
croorganisms with one another and with 
the bioaphere as a whole? '^'^ As these 
connections become better understood, 
a biotechnology attentive to natund his- 
toi7 may provide some of the most pow- 
erful ^ools to reduce the pressures on 
genetic resc^nrces and enhance the value 
and conservation of wild species. 



Setiing Conservation 

PRIORiriES 

**We cannot manage the biosphere in 
detail/* points out George Woodwell, 
Director of the Ecosystems Ccrtter at the 
Mimne Biological Laboratory at Woods 
Hole. Acknowledging the limits to our 
understanding of living systems may be 
the first step toward conserving biologi- 
cal diversity. Although the exact mech- 
anisms of extinction may elude us. we 
know enough to abandon the i^ea that 
mass extinctions in comijpg years air in- 
evitable. Efforts to slow extinctions- 
part icularly in the tro|j^ical forests, where 
the greatest number are at the highest 
risk-H[md to rein in the forces that en- 
danger species will conserve both bio- 
logical and himvan opportunities,®^ 

The goal of a conservation strategy 
must be to ensure thaj^evolution contin- 
ues. Allowing for the play of natural 
forces by winch both wild and doniestic 
species evolve will maintain gene pools 
and retain genetic traits that may prove 
Vliluable in the future. Aside from the 
biological wisdom of protecting species* 
capacity to adapt, it makes sense to pre- 
sei've a constellation of species and 



genes for human needs we cannot antici* 

Eate. The world population^ now dou- 
ling every 40 years, demands that plant 
breeders sx^lect traits that increase yields 
and harvests. Yet when human popida- 
tions ai^ stable or glowing only slowly, 
diversity within a crop—a patchwork of 
varieties — may better suit Imman needs, 
T he availability of tlu^ diversity will de- 
pend on consei^'ation choices made 
now. 

Present knowledge about species 
losses and ecosystem fvuKtions, though 
incomplete, is suffkient to target conser- 
vation efforts and to anticipate likely 
changes. The emerging science* of con- 
servatioti biolog/. the branch of biology 
that deals with the loss of diversity, is 
rapidly enriching this knowledge, A 
guiding discipline is "conservation gen- 
etics/' w^hidi studies the potential of 
species to survive and evolve in parks 
and f^anaged areas. Scientists can esti- 
mate the si7.e of animal popvdations that 
will presen'e a desiird amount of ge- 
netic diversity and can li^see biological 
losses. For example, one study of the ^ 
population genetics and ecological 
needs of large animals suggests mat 
even the hnwst protected areas are un- 
likely, without^ intensive management, to 
sustain viable populations of predators 
such as the wolf and tinountain lion as 
well as laige mamtnals including elc- 
phantJ?, virtually guaranteeing their ex- 
tinction in the wild within the next cen- 
tury. Recognizing the kinds of species 
unlikely to survive in the wild, managers 
can better allocate scarce conservation 
funds between efforts to slow the demisSe 
of some species and to maintain others 
that seem able to adapts<*^ 

Much of the information needed to set 
conseiTation priorities can be had rather 
cheaply. Conservationist Norman Myers 
suggests that a^systematic biological in- 
ventory of the remaining tropical forests 
could be completed by the end of the 
eighties at a cost of just $5 million a year. 
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In a project with an annual budget of 
$40,000, researchers Richard Evnns 
SchuUes and Mark J, PlotMn of Hai-vard 
Univer3Uy's Botanical Museum are com- 
piling a comprehends ivc indo« of tlie 
plants used by nsuivc, peoples of the Am- 
azon and the Aihuuic rain forest of east- 
ern Brazil. By highlighting plantSywith 
known^ physiological efTcCls, ihi^^ ivork 
could become an essenti^al reference for 
biotechnology companii?s seeking po- 
tential new products. This pioneering 
research provides a m^flW for similar 
surveys in other regions?a i^atronalo for 
conserving litile-known plants, and a 
basis for a tnorc secure future for native 
peoples. 

Since Darwin's time» biologists have 
known tliat species become rare before 
they become extinct and that, once rare, 
species are vuliienible to disappearance. 
Discounting or ignoring rarity makes us 
accomplices to extin^rtion, Protestir 
this shortsightedness, Darwin noted t 
to accept rarity but express surpris^ at 
extinction "is much the same as to admit 
that sickness in the individual is the fore- 
runner of death— to feel no surprise at 
sickness, but, when the sick n\an dies, to 
wonder and to suspect that he died by 
some deed of violence. 

Invetitories of rare and endangered 
Species can thus ilhnuinate pnijssures 
and suggest preservation priorities. On fi 
global scale, the most important lists 
have been con\p|lcd by the International 
Union for the Gonservaiion of Nature 
and Natural Resources, Red Data Hooks 
have been published for birds, mam- 
mals, amphibians and reptiles, plants, 
and» most recejiuly* invertebrates, Tlfcse 
volumes, which provide samplings of 
species knoVn to be endangt^ed in diff- 
cretu regions rather than exhaustive 
lists, guide national and private preser- 
vation jjfTorts.* lUCN currently lists H5 
mammals, 437 birds, and 69 amphibians 
and reptiles from selected groups/known 
to be endangered or threatem^n vari- 




ous regions. In addition, the organiza- 
tion piH>vides data on 250 of a suspected 
20,000-25,0(H) threatened plants and on 
over 400 threatened invertebrates to il- 
Uisti^ate the pressxu es on those groups. 

Endangered species (those prone to 
disappearance over all or most of their 
natunxl range) and threatened species 
(whose populations are declining and 
considered likely to become endan- 
gered) are identified acco/ding to 
broader criteria than ever before. Gate* 
gorics introduced in tho/lUCN s inverte- 
brate book include/ **couunerciaUy 
threatened*' species vdnose numbVrs are 
depleted by overharvAting, and **threat- 
ened communities'' / or complexes of 
specici that are jeopiVdi/.ed by the Ijante 
forces and that must be protected as a 
group/ A munber of cotmtries over the 
ast decade have taken steps toward list- 
ing endangered spedes, inany in ixr- 
sponse to the Conventifm on Interna- 
tional Vrade in Endangered Species of 
Flora and Fauna, Although this is an im- 
portant development, few national lists 
are s\iflicicntly detailed, and fewer coun- 
tries provide legislative protections as 
strict as those in Canada, the Soviet 
Union, or the United States/* 



Discounting or ignoring rwrity 
^nakes us accomplices to extinc- 
tion. 



In 11>73» the Endangered Species Act 
mandated listing and extended UuS» 
Government protection to species con- 
sidered 'endangered/* Listing and man- 
agement have been pursued simultane- 
ously, waxing and wanitig according to 
administration priorities^ince the law 
was enacted, During the njCst decade of 
protection^ die U.S. Office .of Endan- 
gered Species favored the listing and 
protection of vertebrates over insects, 
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mollusks. and plants. By 1984, nearly 00 
percent of the species receiving federal 
protection as endangJ^ed or threatened 
were vertebrates, while of ttltHt^being 
considered for listing, plants aiW in« 
vertebrates outnumbered vertebrates 
nine to ohe. (See Table 6-4,) In May 
1984, the U.S> Department of Interior 
broke with the past and identified 876 
invertebrates deserving imme^dia^e list- 
ing or further study.^'^ 

Future efforts to protect species and 
to prevent rare ones from slipping to- 
ward extitxHion will depend on a deeper 
understanding of the biology of i^rity 
and extinction and a sense of how 
human interactions with the biosphere 
alfect them. One. ambitious study, 
started in 1979 in the Amazon Basiti 
near Manaus. Bra/JK hopes to reveal the 
kinds of chan^^fes in biological diversity 
that can be anticipated as a consequence 
of development patterns. The Minimum 
Critical Size of Ecosystems project, 
sponsored jointly by the World Wildlife 
Fund-U,S. and the Brazilian National In- 
stitute for Amazonian Research, was ini- 
tiated to investigate how species* num- 
bers would change in patches of primary 
forest as surrounding land was cleared 
by ranchers for livestock. 

The study was made po.ssible by a Bra- 
zilian law requiring that half the land in 



Amazot\ian development pt ejects be left 
in trees. Scientists arranged with ranch- 
ers to set aside the necessary forest in 
reserves rangin^in size from I to 10,000 
hectares. The restraining primary forest 
in the atea was cut and burned to estab« 
lish cattle ranch,es. Burning degrades 
much o( the area and isolates remnant 
forest patches. Both the outright de- 
struction and the isolation lead to a de- 
cline in forest species. The Minimum 
Critical Size project studies these forest 
fragments to learn what happens when 
the habitat of a species shrinks below the 
size needed to sustain it.^^ 

This new brand of ecological research 
attempt.s to understand not ju§t an un- 
derlying biological system but the way 
that system is an'ected by changing land 
uses. The project will yield results over 
several decades, for the species changes 
in the largest forest fragments are ex- 
pected to occur far more slowly than in 
the patches of a few hectares, ftesults 
should provide a sharper sense %( the 
biological conseciuences of hmd clearing 
in Ai^azonia. and the relative survm»l of 
species in the' various fores^fJlffments 
will confirm conservation priorities in 
the size and location of protected areas. 
Yet researchets caution that all the con- 
clusions are ecosystem-dependent; 1 he 
study will shed light on changWln the 
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Category ^ 


Endangered 


* 

Threatened 


Tot;«l 


Under 
Consideration 
for Listing 


Vertebrates' 
Inyertebrates^ 
Insects 
Plants 


152 

28 
. 7 
63 

» 


(number of 

34 

6 

6 
11 


species) 

186 . 
43 
13 
74 


363 
401 
475 
2,588 



'illpdcs maijimah, bird$, reutiles. amphibians, and fishes. ^Excludes insects. 
souRcw: Michall Binder. U.S. Dcpartmeni of Interior. Fish j^nd Wildlife Service. Office of Endangered 
^pecics, privjitc communication July 30. 1984; Defenders of Wildlife. Saving Endartfrtmi StwiiS- A RePorf 
nWrtmi>r.<r/w;t (Washington, D.C.: 1984). - t> ti 
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forests of Atnazonia, but the lesson? 
from Bnitil may not apply in Zaire or 
India. 

No effort is likely, to contribute as 
much to the conservation of living diver- 
sity as the creation of parks and other 
protected areas where complete living 
communities can continue to evolve. 
Given the pace of land-use change in in- 
<Iustrial and developing countries alike, 
the absolute size of areas set aside now 
is critically important for Uie future. A 
1982 listing by the United Nations re- 
ported just under 400 million hectares 
protected in national parks and pre- 
serves, sUghtly more than half as much 
as planted to cereal crops ^worldwide. 
During the seventies, the number of 
park areas tripled. Ditferent ecological 
zones, however, enjoy vastly different 
degrees of protection. And the amount 
of land safeguarded in a particular coun- 
try says nothing of the ecological signifi- 
cance of the are^s preserved,^ ' 

A little more than a quarter of ilie 
>vorld*s area in parks is in '^biosphere 
reserves/* areas of special ecological 
importance designated as part of a 
worldwide network coordinated by 
UNESCO's Man and the Biosphere pro- 
gram. Although the UNESCO system is 
fjir from complete, it is the foundation of 
a preservation strategy based on the 
great variety of the world*s ecosystems. 
A logical place to focus efforts to protect 
the greatest biological diversity in the 
smallest area is the species-rich *Ve- 
fuges*' described earlier ^n this chapter. 
The government of Brazil has created 
over eight million hectares of preserves 
in Amazopiart areas known to be re- 
fugesv Though similar pockets of forest 
area have been identified in tropical 
Africay they are not yet the target of con- 
servation efforts*^* 

One grave threat to existing protected 
areas may be shifty in global climate as- 
sociated with increased dependence on 
fossil fhels. Temperature and moisture ( 



changes would affect the distribution of 
tropical vegetation and alter ecosystems; 
some park areas might become unsui|| 
able for the species they were intended 
to (irotectv To these global climatic fac- 
tors must be added the local effect that 
disrupting large areas of natural forest 
has on efforts to keep small forest rem- 
nants intact. 

Some ecologists argue that existing 
and prospective parks are insufficient to 
protect a critical share of the world's 
tropical forests. Ira Rubinoff, director of 
the Smithsonian Institution's Tropical 
Research Institute, has proposed a 
worldwide system of tropical moist for- 
est preserves to protect 10 percent of 
remaining^ tropical forests, which would 
be about 100 million hectares. He sees 
this as the minimum area needed to pre- 
serve existing forest types and keep for- 
est management options (^en. Only 
about 4 percent of Africa's forests, 2 per- 
cent of Latin America's, an<l^(^ percent of 
those of tropical Asia arc^protected; not 
all of these are rain forests, ^'^ 

In a somewhat parallel fashion to the 
redefinition of parks, the concept of 
gene banks must be broadened. Efforts 
to identiiP:the genetic resourtes of natu- 
ral populations are as critical as better 
management and use of the germplasm 
cdllections in which seeds and plant ma- 
terial are stored, 'in situ" gene banks 
should be established to compleuient ar- 
tificial collections, In addition, certain 
kinds of ''invisible*' gene banks must be 
investigated; for example, since seeds of 
many plants survive in the soil long after 
their parept plants have been harvested, 
valuable genetic resources can be lost by 

fincontroUed soil erosion on agricultural 
and and cleared forestland.^^ 

The success of future efforts to con- 
serve biological diversity rests to a large 
extent on whether they can be recon- 
ciled with development policy. The 
World Bank took an important step in 
this* direction in 1984 by adopting envi- 
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ronme^ual guidelines foi iL^ lending pro- 
gram; the Bank has commitied itself to 
refuse to finance economic developmenl 
projects thai will cause irreversible eiivi^ 
ronm^>tal deterioration, including spe- 
cies exlinciions. National developmenl 
efforts should reappraise (he value of 
(heir remaining wild areas, which are tOo 
often considered blank spaces on the 
map. Hundreds of thousands of hectares^ 
of Ibrests have been cleared by farm 
• fainilies pariictpaiing in massive irans- 
migraiion and land settlement programs 
in Indonesia and Brazil, despite indica- 
tions that most of this land cannot be 
continuously cultivated once the ffHest is 
cleared, Addressiiig the undei lying 
causes of pressure on forests — in these 
cases, population growth that has outrun 
economic opportunities in other regions 
—is the only wiiy options for the sustain- 
able uses of 'forests will be preserved, ^9 
Many of the most ambitious efforts to 
protect biological diversity recognize 
that conservation goals will be thwarted 
until the value of biological resources is 
more widely acknowledged. One sure 
way to focus international attention on 
this issue is to require financial support. 
Ira Rubinofl proposes financing the sys- 
tem of tropical forest reserves with a 
progressive tax voluntarily assumed by 
the 43 countries wliose per capita in- 
come exceeds $1,500. He mainiain.s that 
this $3-billion annual investment by the 
industrial countries would be an invest- 
ment in future world security for rich 
and poor r^attons alike. »o 

Nicholas (Juppy. writing in Foret^i Af- 



fairs, argues forcefully that much de- 
struction of tropical forests has resulted 
fron\ a long-slatfling underpricing of 
ti opicaU^iiitJV^ in (comparison with other 
uses oWropical forestland. He advocates 
prid/g thiS^ source closer to its value 
b^/f reating an Organization of Timber 
, ting Countries, made up of the 17 
nations that hold 92 percent Of the ex- 
port trade in tropical tnnbers and 90 
percent o( remaining tropical forests. 
Guppy anticipates that a price rise would 
reduce demand Ibr tropical forest pro- 
ducts and, through a system of taxation, 
generate revenues sulhcient to cover the 
estimated annual costs of $75^219 bil- 
lion lor human settlement, reforesta- 
tion, and improved management of for- 
est resources — costs far greater than 
either that of managing forest reserves 
or current levels of aid to tropical devel- 
opment.^' 

^ These examples from the tropics hold 
a lesson that applies anywhere. Biologi- 
cal resources will oftly be conserved 
when their prices reflect their intrinsic 
value, fhe growing demand for genetic 
diversity in agriculture and the emerging 
applications of biotechnologies suggest 
that elusive values will come into sharper 
economic focus in the years ahead. Evo- 
lution jjias progressed unmanaged for . 

years, but its future path is 
|be shaped by human forces. In 
of vSir Otto Frankel, "we have 
'd evolutionary responsibility/'^^ 
It would be a tragedy if our failure to 
exercise this responsibility left the next 
Darwin with nothing to write about. 
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Energy Efficiency 

William U Chandler 



Ancient prophets tried to predict the fu- 
ture with geoniancy, a method of divina- 
tion by drawing dol3 at random on 
paper. Energy forecasts, notoriously 
inaccurate, have been likened to this ap- 
proach. Fpr all their flaws, however, 
studies of energy futures continuJr to 
command attention. They help define 
the **state of the world'* by exploring 
where current trends wilNead* They in-, 
fluence visions of the energy futur<N 
affect research and development expen- 
ditures, inhibit or encourage investment 
ill energy supply systems, and thus be- 
come battlegrounds for the future "It- 
self.* 

The trends that energy forecasters 
now draw on paper can aJ^efct the en- 
tire planet, from Latin American debt to 
global climate, The higher the predicted 
demand for energy, the higher the cost 
of building systems to meet it. The 
greater the predicted demand for coal. 

An expanded version of this chapter appeared as 
Worldw^ltch Paper 63* Eriet^ P)rodnctmty: Key to En- 
vironmentdl Protection and Ecoitomk Progress. 
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the greater the urgency of avi|rting foi*- 
est destruction by acid rain and climatic 
change from carbon dioxide buildup** 
The wider the error in projected de- 
mand, the greater the waste of scarce 
resources and the wqrse the failure to 
provide for human needs. 

The energy qvents pf the seventies 
caused grea^ upheavals in world energy 
markets — caused, in effect, a conserva- 
tion revolution. Like the Green Revolu- 
tion in agriculture, conservation allowed 
a brief respite from shortagesr It+iaspro- 
duced an oil glut, price declines, and 
time to adjust. But the wodd of the mid- 
' eighties has relaxed, as it did after the 
^Green Revolt^on, failing perhaps to 
make permanent the gains won* A san- 
guine outlook pervades ijie energy com- 
munity as forecasters again draw curves 
energy ^^g^ bending toward the 
to4F>s^of^t!heir^aphs, Some , suggest » 
tripling bf demand by 2025.^ If these vi- 
sions become reality, the world will pay 
an , enormous economic and environ- 
mental price. \ 
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The Burden of Energy 
• Demand 

Nor since the early |$eveniies have ana- 
lysts so coniplaceri(ty projected a high 
energy demand futurix Alon Manne of 
Stanford University attributes this, espe- 
cially the similarity 6f most oflicial en- 
ergy demand projections, to **the herd 
instinct that operates within the connnu- 
nity or energy analysts. Nevertheless, 
the concensus is that worldwide com- 
mercial energy den>and will increase 
from about 300 exajoules (EJ) in 1983 to 
485 HJ by the year 2000, (Connnerciai 
energy excludes dung and firewood, 
which total approximately 50 EJ, An ex- 
ajoule is the eqmvalent of 163 million 
barrels of oil, of almost I quadrillion 
B The physical 'magnitude of this 
scenario numbs the mind. If this cqmes 
^ to pass, the oil output of two new Saudi 
Arabias will be needetl. In addition, die 
coal production of the world will almost 
double, and three times as many rivers 
must Be impounded behind hydroelec- 
tric dams. Widely cited projections con* 
elude that by the year 2025 the wo^d will 
need foxir-and-a-half times the hydro- 
power and three-and-a-half times the 
coal used today, along with a total of 365 
large nuclear power plants. Moreover, 
they typically forecast a 125 percent in- 
crease in energy demand by then.* 

Among the. consequences of using so 
much energy would be greater risk of 
acid rain, carbon dioxide-induced cli- 
mate change, species extinction, water 
degradation, human dislocation, and 
capital shortages and debt— connections 
discussed at length in Chapters 1 . 5. and 
6. Tripling coal use, for example, could 
triple total sulfur dioxide emissions and 
in 40 years cause s?f ious acid rain prob- 
lems in areas all over the globe. And the 
radical development of hydroelectric 
power would seriously affect freshwater 
environments: Fish and mollusk species 



Worl<i~l985 

would bceradicated» fertile bottomkinds 
4^ destroyed, forests inundated, and water 
supplies warmed, depleted of oxygen, 
and loaded with silt.^ 

The economic prospect oi a high en- 
ergy demand future is similarily imap- 
' pealing. Much Third World debt has 
been incurred to finance energy imports- 
Foreign payments for oil consume the 
largest share of total export earnings for 
mjmy countries, including half those of 
Japan and JBraril. Expensive hydroelec- 
tric and midyear energy systems have 
added to this resc^rvoir of debt. More- 
over, meeting world energy demand is 
expected to consume over 7 percent of 
all capital investment for the tTst of this 
decade.^ 



Just using the most efficient lights 
in the United States would save a 
third of U.S. coal-fired electric en- 
ergy. 



This pic^^e of the futui'e is as altera- 
ble as it is unattractive. Energy demand 
projections are a function of modelers* 
expectations about prices, environmen- 
tal regulations, and the ability of the 
world to respond to energy conserva- 
tion s potential. They repi'esent these 
analysts' conceptions of how the worid 
works, not necessarily oMiow it could 
work. All serious projections are made 
with models that expose the assump- 
tions that determine their results. One 
role of models^ in 'fact, is to make trans- 
parent the energy supply, demand, and 
policy consequences that iiations t^ce, 

.Most models of worldwide energy de- 
rnand are, by necessity, macroeconomic. 
That is, they concentrate bn broad 
trends in population, economic output, 
energy prices, and the interrelationships 
among these factors. The high energy 
demand future that they describe can be 
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tries, conlmniug about 65 percent of the 
world^s popuUtioh, are responsible for 
about 80 percent of all commercial en- 
ergy use. (See Tablc^7-l.) Among th^^e 
are developing countries, siifcli \\s Brazil, 
China, and India — nations that hnVe a 
legitimate claim, ^o greater total energy 
use/U\dustrial countries, on the other 
hatid, can substantially i^iisc industrial 
output, passenger and freight transpor- 
tation, and household services without 
greatly increasing energy demand, A sin- 
gle decision in either the United^States — 
to raise automobile fuel economy to 40 
rate of 2 percent per yeai almost in htilf. '"^liles per gallon — or the Soviet Union — 
XHe global conservation potential can' to produce steel a.T efhciently as Japan 
be illustrated in enei-gy portraits of a does — would save ^is much energy as 
small number ^f nations. Some 15 coun- Braxil now Consun\es, Just using the 

Tublc 7*1. Energy C(m«u^nptibtfi in Selected CoiinlHen, l9St 
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contrasted with the high cons<iWa(ioni 
poteinttal consistentfy demonstrated in 
econ^lVniic-engineering models and ana- 
lyses, su^h as those that show the specific 
possibthties of efficiency in steel-making 
or automobiles. The world has bVely 
cut into the cot^sdiTation potential >ln- 
dustry, transpoitaaion» artd housing fe- 
tnatn inefficient. Conservation possibiln 
ties are so grvM that economic growth 
could resuine without large incfeavSesjn 
total energy use. Simply by slowly adopt- 
ing existinp^ measures, the world could^ 
cue die projected energy demand growth 
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most cfficiem ligKis in the United States 
Avould save a third of U.S. coal-firedVlec- 
•*tric energy.® EfFecting^sucli savings will 
requircgreat political skill and dexterity. 
But con,sei*vation*s benefits — savings in 
capital, foreign exclunige,, environment, 
and health — will put nations that lealize 
its potential at an advanu»RO. Con- 
veiscly, tlie pressures of shortages of 
capital, foreign exchange, and environ- 
mental amenities are likely to force peo- 
ple everywhere to conserve energy. 



Industrial EffYciency 
Gains 

Industry has provided the largest effi- 
ciency gains of any enei gy-u:siug sector 
since World W^n Tl. A conihtTiation of 
technological improvements and shifts 
from les.s-efficient coal to natural gas and 
ojl provided indtistrial coinitries^with an 
annual I'ate of eonservgition improve- 
ments of over 1 percent even as energy 
prices declined. This ^ate tripled in 
Western nations after the energy cnsis 
of 1979. Despite the gains, however, an 
enormous potential for cutting energy 
costs still remains m existing plants, an<l 

^ builders of new production facilities can 
choo.se equipment and processes that 

' are considerably more eflicietu tlian 
those already in use. 

Industrial processes consume more of 
the world's connnercial energy than ci- 
tlier transportation or housing. Only in 
Western Europe does the category of 
residentbl and commercial buildings 
sometimes edge out industry as the most 
energy-intensive sector. In some coun- 
tries, pariicularlyahe centrally planned 
economics of the Soviet Union and East- 
ern Europe, the share allocated to indus- 
try approaches two t,hirds of all energy 
consumed,^ Production of basic materi- 
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als— c\specially iron and steel, alum^ 
num. paper, chenii^Ks. and concrete^ 
consumes thermos t\Eighty percent of 
U.S. industrial cnerg^. for example, is 
used in the manu^nctuve'of these goods. 
In xontrast» agricult^ife. which is in-, 
eluded undei the indirstrial heading, ac- 
counts for only 6 percent of sec((^ral Re- 
mand. , . 

Japan provides a model of industrial 
eneigy efficiency, having made major 
gains siuce the early seventies. The en- 
ergy intc;isities of chemical and steels 
production have dropped by 58 and l& 
percent, respectively, since 1973. and 
energy use per uxfii of output has fallen 
in every major industry since 1975, The 
Japanese spl i\f between $25 million and 
.fl25 million per year throughout the 
seventies on energy efficiency in steel 
pioduction alone. These investments 
typically paid fbi thqmsejves in just two 
years,* ' 

The French industrial sector also rahks 
among the most energy-efficient, and, 
like Japan, made large iipprove^pents 
after ^^973, Ert^ergy intensity jn textiles, 
building materials, rubber and plastics, 
and mecliafiical construction fell by more 
tlum 30 peiceiU, an antiual^rate of im- 
provement of more than 3.5 peicent. En- 
CM gy efliciency in paper and steel produc- 
tion incfeased at more than 2.5 percent 
per year over the same poriodJ^ > 

In the United States. t>rfaT^aR^^ 
energy n^se fell by 6 percent between 
1972 anjl 1981 while ovuput in paper, 
almnimnn, steel, nnd cement increased 
by 12.8 percent. Thus, the energy inten- 
sity of the l>"oducti6t^f these basic 
materials fell by 17 P^^^^t^ As else- • 
where, the largest stimulmr was higher 
energy prjces, and the major steps taken 
to cuLljiergy use were **ho.usekeeping*' 
in nature^ not requiring substantial capi- 
tal investments. Other industrial nations 
that have cut ir)<;lustrial energy intensity 
include Italy, where energy use in the 
manufacturing sector declined by ,37 
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pcrecnt per nm of output between 1973- 
and 1 98 J (5.8 percent per year). WHt 
Germany has cut induslrial energ>' inten- 
?ify at a rate of 2i%)ercent per yPar since 

^ 1%0, thus making gains even while cn- 
^rgy prices declined,*^ During this time, 

' U,S, industr)' also made gains despite 
declihtng energy prices, though they 
were ^^mallei than after the energy price 
increases of the seventies.. 

The iiron and^JUc<;r industry cxenv 
plibes the global prdtoe&s made and ^hc 

^ potential remaining. I Steel-making is 
both an energy-intensive <^ massive 
enterprise, with^annua) j>rodHction total- 
ing about 700 million metric, tons.. The 
process consumes 15 percent of alJ eu; 
ergy used in Japan jind the Soviet Union, 
and over 9 percent of all energy used in 
Brazil. Altogether, steel manufacturing 
absorbs, about 6 percent of world com- 
meitial energy use.*^ 

Etglily-si?^ percent of the world*s steel 

jHS made m 15 countries, with nearly two 
tfii]^;^is manufactured in China, Japan, the 
Soviet Union, the- Unittd States, and 
West Germany^ T^he least efficient major 
manufacturers are China and the Soviet 
Union, with China, in fact, using over 
twice as much energy per ton of stee! 
produced as the most efficient iarge pro- 
ducers.. (See Table V2.) ^ 

Italy and Spaip rank highest in energy 
elficiency in steel manufacturing because 
they 5ire major recyclers. 'I hey produce 
steel U9^g the electric\^rc» (ft\ **recy- 
cling,** furnace, whith usesWirtually TOO 
percent scrap. Recycling enables produc- 
ers to save up to iwo thu ds of the energy 
used to produce steel from ore. These 
two nations partly owe their high rate of 
recycling, however, to steel-scrap im- 
ports from the United States, West Ger- 
many, and elsewhere. The world steel 
recycling rate> despite an abundance of 
scrap and the advantages of its tise,^ver- 
ages only 25 percent, a rate that could be 
doubled or p^crhaps tripled.'** 
Steel-making can be made more <?net- 



^jibJ« 7^. EiMii^gy Uie in Steel 
Miimif<<!iuring W>ti()^ Producing 
CoiuitHes, Jttunkcd by Effi<:ten€y, 1980 
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^'llicsc 15 coiiniriclt accoiitU for 84 percent of 
world sttcl prodiiotioit. *Stecl production figutTS 
represent averngcs for years 1978 through 1981. 
'llnergy totals are for crude steel production, in^ • 
eluding ironnnaking. <A gig(\joule equals one bil- 
lion Joples, approximately 1 million BTUs.- 
soi'kcfcs: Andrea N, Ketolf. *'Italia<f Rnd-Use En- 
ergy Siniclurc/' and Hugh sSac(&ler, **Energy De- 
mand 'and Supply in Australia." presented at 
Global Workshop on Knd-Use Energy Strategies; 
other cotnVtries from U.N. Economic Commission 
for Europe and World Bank. 

gy-^efficiV^Ut both by improving existing 
facilities and by switching to more- 
efficient furnaces. An assessment of in- 
vestments availafble to the U.S. steel in- 
dustry suggests the lucrative potential of 
ccMii?ervation the world over. Upgrading 
conventional furnaces yields high ^ver- 
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age rales of return:!^ percent per year 
for coritinuoib ca.«^K percent for 
wnste-heat recoX^tji^jiJM^ for 
more-eflicient elcctmW Switching 
to the eleciric arc furniWe can yield a 57 
percent rate of return. )|i one study of 
U.S. industry » Marc Rcss of ihe Univer- 
sity of Michigan esliniaUrd ll^at invest- 
mems suci) as these could cut the energy 
required per ton of steel by a third by the 
year.^O().^« 

The Soviets recycle hule ^rteel and rely 
heavily on\ the inelficient open hearth 
fiunace. ,1 his technology was used, to 
make some 87 percent of U,^). steel as 
recently as 19(>0; having been repl^^ceci 
by the blisi^ oxygen anci the electric arc 
furnaces, it no\V is used for only about 8 
percent of output. Although it has also 
almost disappeared from Western 
Kurope. the open hearth furnace ac- 
count? for 55-60 percent of production 
in Eastern Europe ;\nd the Soviet Union, . 
where the electric arc furnace provides 
less than 13 percent o<" the steel. 

China and India also still rely lieavily 
on the open hearth furnace and take lit- 
tle advantage of hcat^ recovery oppor- 
Htunities. Developing countries overall 
could save at least 10 percent of the en- 
ergy they use in existing steel facilities by 
spending only $2-H billion, according to 
a World Bank study, Fhis investment 
would pay for itself in energy savings in 
just one year.*® 

"Though installing new steel-making 
plants ^provides an opportunity for im- 
proving efficiency, it is an uncertain one. 
The rate of improvement will depend on 
the rate of demand for steel — a factor 
difficult to predict not only because of 
the uncertainty in the global economy 
but because the industrial market econo- 
mies presently have about 50 percent ex- 
cess caj^acity. NtucKpf th^ growth in de- 
mand/ however, is expected in develop- 
ing oountnes,^?ind it would be surprising 
if they did not build their own produc- 
tion facilities. Such plants would provide 
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' Iteel made with cheaper labor, more- 
efficient capital, and lower energy costs» 
freeing them from foreign-exchange 
burdens. 

The great potential for conservation 
in the steel industry may, unfortunately, 
he long delayed. The United Naticn^s Ec- 
onoitiic Commission for Europe recently 
forecast that the world s largest steel- 
maker» the Soviet Union, would fail to 
reduce the energy intensity of its pro- 
di^ction below 26 gigajoules per tort be- 
• fore the end of the century, This would 
only match the current world average 
and would still be 4^ percent higher than 
Jtipan's rate today J ^ 

Energy conservation in the steel in- 
dustry clearly depends on energy price. 
To the extent that market pricing of en- 
ergy has conveyed the message that en- 
ergy is precious and expensive, market- 
oriented countries have -conserved. 
Theoretically, centrally controlled coun- 
tries could at a stroke mandate the im- 
provement of energy efliciency jto any 
desired level Studies of these eccmo- 
mies, however, show that economic sys- 
tems never^operate sp siniply, and that 
complex quota and allocatioti systems 
often de)'eat the best of intentions.*^ In 
other^ countries faced with higher energy 
prices, state-o^wned corporations have 
Usually perfqrhied better, as exemplified 
by Nippon.Steel Corpofirrion and Sider- 
bras of Brazil, And competition has 
created additional pressure to save not 
only energy but labor and materials a« 
wein^rivately owned minimills using the 
electric arc furnace constitute a dynamic 
new force for ^ conservation. Major 
changes like these are difficult factors to 
anticipate and thus include in models of 
future production.'*" 

'I he macroecortomic models in vogue 
today implicitly assume that conserva- 
tion will not work well. Most are based 
on ihe belief that the United States, for 
example, will not reach the current Japa^ 
nese level of efficiency in steel for 35 
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years. Tlicy assume that the Soviet 
Union, China, and India will no( match 
today 5 pcrfonnance by the Japaiu^w:^ 
until^fter-the year 2050, Yet (he model- 
ers also assume thai half tlie world eco- 
nomic output tn (he year 2000 will be 
generated by new facilities. .Soviet steel- 
making capacity/ for example, is pro- 
jected to doublle. AncJ current plans m 
Brazil call for 50 perceni more steel- 
making capacity' by the year 1990.^* 
Since growth imphes new industrial 
eflviipment» there is no good reason why 
the facilities cannol be at least ;^s cdicient 
as the Japanese steel industry is today. 

Itideed, even the Japanese steel indus- 
try could economically be 20 percent 
mor/^*fficient. Only a quarter of its steel 
is formed in electric arc furnaces. Most 
industry experts expect the miiiinnll to 
^capture a much larger share of the world 
steel market. Furthermore, if iwo major 
constraints on the minimill^ — the lack of" 
cost-effective technology for rolling thin 
metal sheets and the need to rett\ov,e im- 
purities from recycled scrap-^^e over- 
come by new technology , minimills may 
soon produce any type of steel desired: 
If this happens, a real revolution may 
lake place in steel production. Today's 
domihatit steel-makers, already suffer- 
ing from high energy and labor costs and 
low productivity^ C()u(4 fi"^' (heniselves 
far less compelitive.^^ 

The prospecl (or energy elliciency in 
steel-making, according u> some observ- 
ers, is diVnnxed by the currcnl economic 
climate-.Siaggering from a recession and 
biid managenietu. the" industry cannot 
afford to invest in conservation, its 
managers claim, much less in totally new 
capa(*ity. This perspective overl(5c>ks scv- > 
era^ basic facts, however, First, when 
new capacity is needed, conservation in- 
vestments save capital. Steel mills buih 
around the electric arc furnace, for ex* 
ample, cost only $350-550 p(;r annuak 
ton of steel capacity^ compared with 
$1,500-1,700 for conventional .mills 
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using basic oxygen fuhiaces. Even if the 
minimill plant cannot obtain scrap and 
requires a special iron ore reduction la- 
cility, the capital cost per annual ton of 
production totals only $500-900. Add- 
ing labor and energy savings to these 
capital cost i eductions gives an overall 
cost advantage of the minimill in excess 
of $100 per ton of steel produced,^* 



The mactbeconomic models in 
vogue today implicitly assume that 
conservation will not work well. 



To assume the world steel industry 
will forgo the energy-saving minimill in 
new steel production is to assume that its 
captains are less than skillfuK In coun- 
tries as technically sophisticated as Br^ 
/jl, the expertise and technology fOT 
achieving the highest levels of efficiency 
in steel-making exist locally, as they do 
'for other energ)'-consuniing indus- 
tries.^'* Furthermore, new capacity can 
outperform the old and capture its mar- 
kets. Fhis mechanism is almuly at work, 
as evidenced by the success of the mini- 
mill. To counter this competition, even 
the major U,S- steel-makers are invest- 
ing in energy- and coit-saving measures. 

Aluminum production isvanother en- 
ergy-intensive process, requiring I, per- 
cent c)f ^he world's commercial energy. 
The main draw is for electricity to smelt 
aluminum from ahmiina. The elliciency 
of this technique varies widely around 
the world. Knergy-poor countries such 
as Is'ance are the most exigent, while 
those with cheap electricity, especially 
hydroelectric poN'^er, use up half again 
as much per unit^ (See\ Table 7-3.) The 
world average is in the range of 16,500 
kilowattrhourji per ton. All mitions could . 
Vec^ucc the rate to 13,000 kilowatt-hours 
per ton if they applied the best avail^bl*^ 
and economically .practicable^ technol| 



168 



*(^5^ ) State of the 

ogy. Recycling, moicovciv^n cut en- 
ergy requirements by 90. percent. The 
world iiiuTyinum rccyding nue is only 28 
percent iind could be doubled or iri^ 
pled.*« , . . ^ 

An entirely new. non-electric pmces^ 
of producing aluminum-rr-bx coking 

Tabic Electricity Vsh In AUuninum 
Smi^ltingf in Mi^or Producing Countries, 
Ranked by Efficiency, 1981 
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bftuxite in a bhvst furnace^ — has. been de- 
* vcfoped by the Mitsui Alumina Corpora- 
tion of Japan, Announced in 1981, the 
ptocess has been patented in Japan, 
where a coffffnerciaUscalc plant is under 
construction now, and patent.s are pend- 
ing in nine other indtj.strial counti^es.^^ 
This technology' could not only cut en- 
ergy co.st5. it could completely chl^nge 
the current trend toward moving alumi- 
num production to hydroelectiic-rich 
countries- in the developing world,- 

The world now produces about 16 
hulliomton^s of ahnninum> requiring tlie 
equivalent of 14 percent of world base- 
load hydroelectric ge:netating capacity. 
If demand for ahnninum <ioublc,s by the 
year 2000, as; a^ialyj?t,s from the World 
Bank and the Organisation for Eco- 
nomic Co-operation and Development 
(OKCD) project, electrical demand for 
production would increase 50 percent, 
even if enei^y intensity is induced to 
today s mo.st efficietu level of smelting 
ore; A rate of improvement of 1,0 pei- 
cent per year it) aluminum iwodttction . 
energy efficiency is needed tclUttain this 
best-technology level by the end of the 
century, iClosi at\alyst.s, however, assume 
only one third this rate of improvement, 
which is what the world has averaged 
since 1955. The change realized will de- 
pend strongly on electric energy prices 
and demand for aluminum. As demand 
increases, more efticiency improvements 
will be made. On xhe other hand, electric 
cnei-gy subsidies ^ill i educe conserva- 
tion, " 

Assessing efficiencies in the pulp and 
paper, chemicals, and cement industries 
is more complex \becau.se they encom- 
pass greater diversity in product and 
process. Many energy-^saving opportuni- 
ties are cotnmonVmong them, however. 
Two techniques typify lai^e, across-the- 
, boatd savings oppc^^U|l^itles; upgrading 
electric motors and improving^ beat re- 
covery, Inclucjing insulation and steam 
generation using waste heat,*^ 
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Electric industrial motors con.sumc 
over 80 percent of all electric enerjjy 
used in iJ.S. industry, and a remarkable 
40 percent of all electricity used in Bra- 
zil. Howard Geller of the American 
Council for an Energy-Efhcient Econ- 
omy has demonstrated the value of 
improving the ubiquitous motor. His 
analysis suggests that investing in more- 
(jfficient motors and motor speed con- 
trols in Brazil would save 10.000 meg- 
awatts by the yl*ar 2000, or over 17 
percent of projected new demand 
for generating capacity. 

Motors c;vn be made more efficient in 
two ways. First, using higher quality steel 
along wirt\ better design reduces energ)' 
losses due to heating and magnetization 
of the core. More-efficient motors cost 
only 25 percent more than the average 
new motor, an investment that in new 
applications yields a * 'profit!,* of between 
40 and 200 percenfper year, depending 
on usage rates and electric costs. Most 
motors are rebuilt rather than replaced, 
however, because new, highly, efficient 
motors cost foUi^ times inore than 
reitianufactured i^nits. Despite this dif- 
ferential, in Brazil the energy savings ob- 
tainable by replacing motors in need of 
rebuilding with new ones would provide 
a rate of return on the extra investment' 
of 10-50 percent per year. Motors can 
also be impi^^d by adcling variable fre- 
quency ^flflMlp match (he speed of 
heavy in^^^^^motors \^ith the desired 
power o^^uCTResearch sponsc^red by 
the Electric Power Research Institute es- 
timated that the use ji)£ these devices in 
the United States could save over 7 per- 
cent of all electricity used.^* 

Papermaking involves considerable 
pumping of liquids; for which electric 
motors are largely used. In the Unitt^d 
vStates, replacing electric motors with 
more-efficient, ones would typically pro- 
vide a 47 percent return on investment. 
Changing to new pulping and lime re- 
generation equipment would provide 
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20-40 percent returns. Some of the 
equipment used in papemiaking in the 
United States is 50 years old but remains 
in service because of rapidly growing de- 
mand for papcr^ If demand growth for 
paper slows, this ineflicienl equipment 
could be retired. 

The products of the paper industry 
are becoming "^o commonplace, abun- 
dant, and cheap that they arc almosjr in- 
visible to consunArs.'*^*^ The inc^try, 
however, is far from ''invisiblv ' in en- 
erg)' vise. In die United States, where one 
third of the world^s paper i.s made/ the 
industry requires a tentli of all industrial 
energy and ranks just behind chemicals, 
steel, and oil refining in energy use. 
^ Paper recycling, fortunately, saves 
about one third of the eneVgy used to 
make paper from virgin fibers, counting 
the wood waste used in American paper 
mills. The United Statbs, however, recy- 
cles only 25 percent of ^all paper con- 
sumed, compared witl^ 50 percent in 
Japan and the Netherlands. Energy re- 
quirements for U*S. paper production 
could be cut by at leas} 15 percent by 
r^^cycUng as extensively as do the Japa- 
nese and Dutch. Since the United States 
uses over half a percent of the wotid's 
commercial energy making\pulp and 
paper, the absolute savings would be 
substantial.*'*^ 

Chemical processinj^ is the world's 
fastest-growing industry and it already is 
njie largest industrial energy usef in the 
United States. U.S. chet^ncal output 
grew 50 percent between 1972 and 

1981, but at the same time energy effi- 
ciency ii^reased ^^4 percent. Chemical 
production in West Germany grew 840 
percent between , World War 11 and 

1982, while energy use by. this sector 
grew only 300 percent. Energy intensity, 
moreover, has declined rapidly since 
1979. Just ias in the paper industry^ 
pumping of liquids and heating wi^ 
steam are required. Investments oy the 
cheriiieals industry in electric pumps. 
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heat recovery devices, and cogencraiion 
offer rate$ of return of 43. 15» and 18 
peixrent per y,ear> respectively.^^ 

The j^d uction of plastics and syn- 
^thetic dominates the chemidal 

industry m^terms of energy use. Signifi- 
cantly, oil is (he i^aw niateriul for these 
products. U.S. production of olefins for 
plastics and synthetic materials requires 
3.5 percent of all oil used in the country. 
Only small amounts of plastic are recy^ 
cled. although this process recovers vir- 
tiuiUy all the energy embodied in them. 
Burning waste plastic, the most common 
method of energy recovery, returns only 
half the etie\gy used in its manufacture 
Recycling is unfortunately impeded by 
the fact (hat post-consumer plastic scrap 
is difficult to sort and recover Some 
chemical products are more easily re- 
cyclable. Antifreezc> a major synthetic 
product, could be recovered and 
purified. Tires also can be rather easily 
recovered, and making them with re- 
claim-rubber uses otily about 10 percent 
as much energy as manufacturing them 
from virgin synthetic fibers, A msyor 
policy measure that all countries could 
implement is to ensure the rccyclability 
of materials* This might include the ban- 
ning of (Certain plastic packaging. 



A mi^or policy measure that all 
countries cc^ld implement is to en- 
sure the rccyclability of materials. 



' Cement, an intermediate product in 
the manufacture of concrete, is the 
world's most widely used construction 
n>aterial. Its production requires much 
heating and grinding, but lai ge energy 
saving^} can be obtained by grinding and 
mixing the silicates, calcium, and alumi- 
nates in a new dry process rather than in 
a slurry. The old wet process iequires 
more thai) "7,6 gigajpules per ton, and 



switchingjro'the dry process saves nearly 
a quarter bf that, 1 hd ynited States" no\v/ 
produces Kalf its cemeht with this mor^ 
efBcient prde^j^^^^nd as a result avemge 
energy\onsunvpt\)i) per ton is down to 
^•^ g'g^joules. Although new wment- 
making capacity throughout much of the ^' 
world usesjthe dry technique, the Soviet 
Union continues to rely priyiarily on the 
inefficient wet process; institutional re- 
sistance is apparently delaying the adop- 
-tionX)f the dry process, Australia has not 
changed either and as a result averages 
7.2 gigajoules per ton of cement pro- ' 
duced. The energv' requirements of both 
wet an(j| dry processes can b^ improved 
by preheating the kilns with recovered 
waste heat. West European nations com- 
bine the dry process with heat recovery 
and as a result use 25 percent less energy 
than the United States. 

The importance of a con\j>aratively 
small number Qfconsei-vation initiatives 
in industiy is underscored by a simple 
comparison. The Soviet Union is ex- 
pected by the year 2000 to increase its 
consumption of cosil<ftiri the manuffieture 
of iron and steel by more enerjgy than 
Brazil uses today for everything. Simply 
making the Soviet iron arid steel indj^stry 
as efficient by the year 2000 as the Japa- 
nese are now would reduce this increase 
by four fifths. Most scenarios assume 
, the Soviets will do no better m this area 
dum the current world average by tho 
end of the century. But because they also 
assume that the Soviets will double steel 
production capacity by then, implicit in 
their forecasts is the installation of tech- 
nology 20 percent less efficient than the 
Japanese now use and 40 percent less 
efficient than available technology that is 
econofnieal at ciurrent world fnergy 
prices. Perhaps Because the Soviets 
enjoy eneri^' abuntlance and do not us(? 
market pricing for energy they have little , 
incentive to conserve. Bjuit failing to do 
so will cost them dearly in lost oppor- 
tunities to sell oil and earn foreign ex-- 
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change, silso supply most of the 
fuel f0,r their E^ist Euix>pean allies, and 
any inefficiency in the Soviet Union 
drives up the cost of supplying thc^e 
countries. 

Woridwide, improvements mayv*5lack- 
en> but probably not as much'^as assumed 
by most matrocconomic modelers. They 
prcyect industrial efliciency in t^e East- 
em bloc ^nd developing ^^ounities will 
improve far slower than in the ORCD, 
and that the OECO will improve at only 
about 0.8 percent per year. 1 o reach ec- 
onomical levels of elficiency by the year 
2000, a rate of improvement in industry 
everywhere of more than 2.5 pc^nt per 
year is needed. I'he modelers, tnen, may 
be encouraging the world to invest J^r 
more in energy supply than is wammt 



Having Oil in 
Transportation 

Although the transportation sector uses ^ 
less energy than industry, it uses oil al- 
most exclusively. I hus automobile fuel 
economy, mass transit, and efficient 
freight hauling offer the largest oil ^s*av- 
ings. Private cars consume about 7 per- 
cent of the world*s commercial energy, 
or 17 percent of the oil used each year. 
The United States, in fact, uses 10 per- 
cent of the worid\s oil output as gasoline 
for motor cars and light tr\Scks.*^ 

The transportation sector uses 20--25 
percent of energy dtrlivered tot consum- 
ers throughout ^^vSfWn Eifh)pe, North 
America (including Mexico), and Brazil 
In Eytem f)urope and the Soviet Union^ 
howevjf^r, the figure is only 7-13 perceW^i^ 
chiefly because fewer people own cs^rsr 
Autom6bile ownership and use is 
strongly r^elated to income everywhere^ 
even in ooimtries as different a^^Aus-, 
tralia and Jafjbn. Japanese uie of enerl^ 



fq^transportx^lion is similar to other 
OoKD countries, despite the fact that 
thlmation is small, densely populated, 
and ideal for mass trcmsportation,^<> 

Affluence, automobile ownership, and 
fuel efficiency are important issues in 
both rich and poor counirics, even 
where renewable energy resources are 
abundant. 1 his fact is evident in Brazil^ 
a country so dramatically divided by in- 
come levels that Brazilian physicist Jose 
Goldemberg describes it as "a Belgium 
inside an India/* Car ownership has in- 
oi^sed substantially in the last two 
dera^s, growing at 7 percent annually 
even cmnng the last five years, despite 
the ^ deep'^cession and high - energy 
costs /Still, the number of cars per per- 
son remains only 1 5 percent a? high as in 
the United States, leaving considerable 
room for expansion, and ownership 
among the . relatively rich can be ex- 
pected to continue growing. Even a 
moderate increase over the rest of the 
century would double auto fftel demand 
by the year 2000, given die current levels 
of fuel efficiency.^ ^ 

Opposing scenarios can be di^wn for 
meeting the challenge of transportation 
fuel needs. The options range from pur- 
suing all-out efforts to develop alterna-^ 
tive fjueb to fashioning a future free of 
^lutomobiles. Brazil, again, offers a mi- 
<;:rocosm of a larger body of conflicting 
forces and alternatives. To meet part of 
tl^e expected twofold increase in fuel de- 
niand for cars, the nation plans to dou- 
ble national oil^ production. Supplying 
the remainder with alcohol would re- 
quire 16-20 percent of the total land 
area committed tq crop production in 
1980. Goldenriberg and his colleagues 
conclude *'these are formidable require- 
mentis which' are probably impossible to 
achieve in reality. pven today's alco- 
hol fuel oiijput/ which meets about 3 
percent of Brazilian t6tal energfy needs, 
apparently has caused serious social and 
enYirontnental stresses,'*^ Alternatively, 



improving automobile fuel economy 
both would extend oil supplies long 
enough to develop renewable energy 
soul^ccs safely and would make the mcjoi] 
renewable energy feasible. 

The JTmjdameiUal importance of auto 
fuel economy can be seen by contrastiuj 
current efficiency levels with the tethni 
cal and economic potential. Fuel econ- 
omy around the world averages about 2 1 
miles per gallon kilometers per 

liter), though it varies widely. (See 1 able 
7-4.) The U,S. atitomobilc^ fleet, not sur- 
prisingly, is the world's least eflicieni, 
and the newest American models rate 
only slightly belter than the woflJ aver- 
age for existing«^cars. 

A SMfnple calculation illustrates the 
profound importance of raising these 
ratings. If by the year 2000 American 
cars were as efficient as thejapancse (as- 
suming saturation in car ownership), 5 
percent of world oil use would be^saved. 
Doubling auto fuel effici^cy worldwide? 
would permit twice as tjaany cars without 
increasing energy consumption, or it 
would allow savings of 'about 8 percent 
of world oil output. Achieving this 
shotild cost lessHhan $20 per barrel 
saved^ the alternative, producing gaso- 
line oV alcohol fuel, will cost $40-^0 per 
bsvrrel^^ 

The potential to do even better than 
this is great. Automobile fuel econom/ 
can be improved far beyond turrent Ja- 
panese levels. Indeed, several tfiajor 
manufacturers h«ve produced prototype 
cars that* obtain up to 93 miles per gal- 
lon. Models that get 78 miles to the gal- 
lon have been built by General Motors (a 
two-pasijenger car) and Volkswagen (a 
four- to five- passenger model). 

The trade*ofls between ways to meet 
automobile fuel demand can be illus- 
trated by reitirning to the case of Bra^:iL 
If the country chooses to concentrate on 
alcohol fuels, and if its cars are no more 
efficient M the end of this century than 
they are today, over twi^ as much fuel 
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Table 7-4, Automobile Fuel Eeobomy, 



*^ Selected C^untrioi 


1982 








Fleet 


New 




Autos 


Average 


Cars 




(nullion) 


(miles 


per 






gallon') 






-19 


24 




9.7 


20 


24 


Cunad:i 


10.6 


18 


27 


Fiance , 


17.8 


27 


32 


Ea;it Qennanv 


2.-1 


27 


32 


Italy 


17.7 


24 


31 


Japan 


39,0 


31 


30 


Soviet ^'nion 


8.0 


26 


29 


United Kingdom 


15.6 


22 


28 


United States 


125.4 


16 


22 


West Gcnn;lny 


2M 


22 


28 


Other 


* 77.0 


n.n. 


n.a. 


Total 


353.0 


.2I« 


25» 



'Actual- mileage oi^ the roud. Om may not be 
sinttly coiH|);aal>lc due to dilfcring national teal- 
"•ing methods, ^ftased on 80 percent of the an s in 
the world, 'Based on 70 pet cent of t)ic liew cixrs 
ii^l^e wqrtd. 

sooRck: Inieniuiioiuiiliuergy Agency. World P:ntt^ 
Outlook (PariN: OEGD. 1982): International Road 
F>?dcration. IVorid Road Statishrs 1978^82 (Washr 
injfton. p.C: l<)83); t>Ued* Nations Economic 
Connnissioii for EmopeTv^w /Tm^ Efficimt Future: 
I^mftfcu for Eurobf and North Ammco (London^ But- 
terworths. 1983): Motor Vehicle Mjinufqcturerit 
Association. World Motor Vrhiclr Data Book, 1983 
(Deiroft. Mich.: 11)83). 



will be needed. This would equal $ix 
times the current level of alcohol fuel 
production. If within the next five years, 
however, Brazil required all ne\< cais to 
get 31 miles per galloo, projected con- 
sumption would grow by ''only** 4^ per- 
cent. This level of fuel economy ijn new 
cars could reportedly be ac|iieved in 
shWt order without m?yor cattual invest- 
ments in Brazil's auto indusAiJif Brazil 
man<)ated a new-car fuel eemi^^^ of 47. 
miles 't<x the gallon* fuel demand would 
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by the year 5J000 be slightly lower than 
today ."•^ 

Many options can be iiijis^rporaied to 
achieve these high fuel economy levels* 
Reducing a.uto weight can save 25 per- 
cent of the c^^ergy used in the typical car. 
Engineering more-effioieni, engines can 
yield another 20 percent iuiproveineni, 
as can the installation of efhcient con- 
litiuously variable traiisniissions (CA^l ). 
General Motors and Fiat both will soon 
begin production of the CVT in France. 
Simply installing the most efficient tire 
available on the market today would iin- 
prc^A'e theittei economy of most cars by 
1-^3 miles per gallon. 

Rolf Bauerschmidt of the University of 
Essen has shown how West German fuel 
consumption could be cvU by a fifth by 
the year 2000 while the auto fleet grows 
by 12 percent. He assumes that new cars 
^ will mainly be diesel-fuelod vehicle^ get- 
ting 36 miles per gallon, A^asoline-pow- 
ered cars would not grow in number but 
would become more efficient, achieving 
29 miles to the galloji. Ihese goals are 
easily within the realm of technical feasi- 
bility, though they may require govern- 
ment intervention. He also assumes that 
travel by train will double* a more uncer- 
tain prospect. Rail passenger-travel re- 
mains at about the same level as just 
aftef World War II, and the service, 
though excellent and improving, is heav- 
ily subsidh^ed.'*^ 

Wher<r (ransportion systems, are 
inadequate or nonexistent, there are 
everi'greater opportunities to use mas$ 
transit to cut avoid growth in energy 
use* Travelinjd by train is inherently 
more efficient than using a private car. In 
West Germany, for example, railroads 
use only one fourth as much energy as 
cars to move people an equal disiance.^^ 
The autobus is comparable in efficiency. 
No mode of passenger transportation, 
however, is more efficient than van or 
car pools. ^ 

Technical improvements are also pos- 
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sibljp in mass transit systems, E^ast Etiro- 
peab tniins, for example, perform more 
efficiently than West European ones. If 
Soviet railways achieved a similar techni- 
cal level bf efficiency, savings of 50 per- 
cent could be made.*^ 

Developing coimtries face a particu- 
larly difficult task in providing transpor- 
tation services. Strapped with debt and 
imder pressure from the International 
Monetary Fund to c^ domestic expendi- 
tuies, budgets for providing additional 
bus services have been reduced, and rail 
services are fre<juently out of the ques- 
tion because of their high initial capital 
cost. But failing to provide mass trans- 
portation Costs dearly if, as often hap- 
pens, the lack of service is mfide up pri- 
vately with nfotor cars. * 

Nigeria ^lustnites this dilemma. The 
lack of transport services is evidenced by 
j^Jie use of only half a barrel of oil equiva- 
lent per capAa in transportation in 1980, 
less than a sixth the le^'el^in West Ger- 
many. One Nigerian analyst projects this 
will rise to 3.2 barrels of oil equivalent 
per capita by 2010. Wide use of mass 
transit would greatly reduce this projec- 
tion, but the current service is so poor 
that it strongly encourages the purchase 
of automobiles. Pc4ential passengers aro 
deterred by bu5ves filled to crushuig lev- 
els. Many already\commute four hours 
per day on tnass transit and, despite 
crowded roads, find private ti^nsport 
more convenient whdi they can afford it. 
Most cars carry only two passengers, 
though average capacity is five. Yet 
roads are so crowded in I^gos that in 
1978 legislation was enacted that Ajr-* 
mitted vehicle use only on alternate 
days. Predictably, the law was citifum- 
vented by those who could afford second 
cars.** 

^An alternativethat reduces conges- 
tiont saves energy and tuts government 
transp^rlatiQn costs is tht jitney. Jitneys 
are comparatively small vehicles that 
offer shared rides alon]^ mjyor routes. 
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Sm^ll fleeis of these taxia^bs, vans, or 
micks are usually operated by private 
owners. Thovigh problems sometimes 
arise in regularity of service and in ne- 
glect of less jjjofitable routes^..these are 
generally outweighed by large increases 
in low-cost transportation service. 
Profit-making private jitneys often oper- 
ate at full seating capacity, usually dur- 
ing rush periods. Althoucrh they have the 
potential for lowering the efficiency of 
ptiblic transport by skimming the nu)st 
profitable routes, they can also reduce 
governments' need to buy large vehicles 
to meet rush-hour demand. These- large 
vehicles would be used either at less than 
full load — or not at all — during mos\ of 
the day. Thus jilneys can save commut- 
ers the energy and capital costs inherent 
in private cars and can save governments 
some of the high capital and operating 
costs of mass-tnmsit vehicles. Studies re- 
port the successful operation of jitney 
services in a dozen cities around the 
world, from Hong Kong to Buenos 
Aires. 



It falls ito governments to ensure 
that auto fuel ejBSciency, the single 
most important energy policy in 
th|fc world, is achieved. 



Most countries face trade-olfs in the 
movement of freight, which often. burns 
up more energy than passenger trans- 
port. The Soviet Union, in fact, uses 75 
percent of all trar>sport fuel moving 
freight. This fuel use can be reduced by 
both shifts from truck to rail as well as 
increased efficiency of transport trucks, 
which carry half or more of the freight in 
the United States, Europe, and Brazil^^ 
Soviet freight is mosdy carried by rail, 
wh](ch is why the country has the highest 
freight transport efficiency, ^though the 
use of coal in locomotives mstead of dic?^: 
sel fuel ftiakes' them le§s eflicient than 
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would otherwise be expected. Replacing 
Soviet gasoline-powered trucks with die- 
sel units would also bring improvement. 
Freight transport over the road is ex- 
pected to grow in most major countries, 
so the in^portance of increased eHiciency 
of transport trucks is centi^al. U.S. truck 
transport is inefficient due to poor aero- 
dynamics v\nd poor load factors, which 
has historically been due to a bad regula- 
tory policy that requit ed many truck op- 
eratot s to return empty to their destina- 
tions. Technical improvements such as 
airfoils, however, can improve efficiency 
by 6 percent, with turbocharging adding 
12 |>ercent and radial tires 10 percent, hi 
Bra/jl. a*doubltng of efficiency of trudks 
is considered feasible. This woultd per- 
mit at least twice as much road freight 
transport without any increase in fuel 
tonsumption,^^ 

A basic problem in both the United 
States and Brazil is die decline of rail- 
roads. In Brazil they arc poorly managed 
and inefficient, while using die U.S. rail 
system is slower than sendtng.freight by 
highway, due to poorly maintained rail 
beds and poor freight traiwfer systems at 
switchyards. A major sl^ back to rail 
would be cosdy and is unlikely without 
the impetus of rnuch hi^'hter fuel co.^^ts or 
government intervention. Developing 
countries, however, will probably want 
to give priority to rail transport over 
highway construction. Water transport 
is far more efficient than either rail or 
truck, if water ways already exist, The 
construction of waterways to compete 
with rail has not always been an effective 
use of capital but in Brazil, water trans- 
portation along the Anmon to the in- 
dustrialized south probably presents a 
better aUernittive than construction of^ 
either rail, or highway^j.^^ 
• Worldwi^^, the future of oil use^de- 
pends* most on the future of transpprta- 
tion» especially the automobile. Becatise 
(having oil can help s^t^Ure the fyture of . 
the automobile as well as rehAe eco- 
nomic and environmental pp^sure, i\ is 



/ Ino'easing Ei 

only "prudent lo 5eck the highest 
economically achievable rates of fuel 
efficiency, Covernment.s will play a 
major role in the future of tninspoVta- 
tion because genenilly they alone po,s- 
iess the resoMr<;es to piNovide aliernative 
transportation and because they can leg- 
islate fuel economy. They will also 
greatly affect freight transportation en-, 
ergy use, albeit less directly. Fuel ccon- 
pmy levels of 30 miles per gallon arc 
achievable everywhere by the end of the 
century; levels of 50 miles per gallon are 
attainable shortly thereafter. But the 
world will not^ealize this ijj^aruwit po- 
tential if govifrnments adopt a hauds-olf 
attitude. 

Although ""market signals for energy 
prices are vital to increased fuel econ- 
omy, the market ^alone will not bring 
about economically feasible levels — for 
two^main reasons. The first i,s that con- ^ 
sumers do not consider fuel economy as 
a top priority when buying cars unless 
fuel prices are increasing rapidly. Sec- ' 
ond, when an oil emergency does occur, 
autothakers cannoi quickly supply effj- 
cient cars. Typically^ five ycats ai'e re- 
quired to re-tool to n^akc new cars more 
efficient. 

Thus» the market Jalone cannot guar- 
antee futiu'e energy efficiency or even 
promote conipletely rational ecohomic 
behavior in the shbrt term. It falls to gov- 
ernments to ensure that auto fuel eih- 
ciency. the single most important energy 
policy in the world, is achieved. To effect 
{his, a combination of market pricing, 
fuel taxes, and efficiency regulations will 
be required. 



Buildings and Appliance 
Efficiency 

Energy use in buildings around the 
world ranges between extreiries, In most 
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industrial countries, oil. gas, and elec- 
tricity warm or cool air, heat water, pro- 
vide light, refrigenuc food, and run ap- 
pliances such as ranges, washing 
machines, and televisions. In developing 
countries, wood or dung is the principal 
fuel, used mainly for cooking. More- 
efficient stoves would both reduce wood 
waste and improve the quality of life in 
these areAs, but their use is sonu^what 
problematic. Measures for halving en- 
ergy use in industrial nations include im- 
proving ar}d replacing appliances, e.'^pe- 
cially furnaces and air conditioners, and 
retkicing heat loss from poorly insulated 
buildings, 

-JQl51 qpportimities for cons^ervation 
ai?}gj/'atest in North America and West- 
ert/Eui ope, where rates of energy lise in 
tlu: buiUlings sector reffecl both the cli- 
rnate and high income levels, rhese 
count^ries have a long way to go before 
completely adjusting to the energy price 
increases of tiie seventies. Nonetheless, 
improvement's since 197S in the OECD. 
countries in this regipl^have been im- 
pressive. (See figure 7-l\ Deumark, the 
jmoijt improved of these iluij^is, has re- 
duced Cinergy use in buildings by 32 per- 
cent, an impressive record considering 
that the area of buildings liea^^ed in- 
creased by 23 percent over the period. 
(Canada and the United States also show 
tnajor reductions — 19 and K) percent, 
respectively, France, Sweden, and West 
Germany registered smaller percentage 
reductions, but they started from a more 
efficient base,^^ 

The Swedes managed most of their 
savings with caphal investtnents, while 
75 percent of the imprc)ven)ehts in the 
other countries resulted from no-cost or 
low-cost changes , siich as turning down 
thermostats. i.ec'Schipper of the Law- 
rence Berkeley Laboratory reports that 
technical efficiency of Swedish houses 
-fjir exceeds that Of the United Slates, 
even^fter adjustment for cHmate. Swed- 
hh homes, on average, .have twice the 
insulation valuesnof hotnes in the north- 
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em state of Minnesota. 

The potential for itnproviHg the heat- 
saving capability of home? even in cold 
climates can be readily illustrated. C.A, 
Ficner has compared costs in Canada of 
energy options in new homes of conven- 
tional design, energy-savir^ design, ac- 
tive solar hettng, and passive solar heat- 
ing. A typirJftiew chouse in Canada coits 
$80,000 to^bujld and. $800 per year lo 
heat. By spending an additional $3,000 
to build a thermally tighter structure^ the 
cost of energy could be cut to $100 per 
year. The additional cbnstructfon cost 
would add $450 per year in interest and 
principal to typical mortgage payments, 
giving an overall cost of $556, Thus net 
annual savings would total $250. In con- 
trast, passiv/^- and active-solar homes 
cost $92,000 and $100,000 to build. 
Their ''heating** costs would total 
$2,200 and $3,300 per year.^>« 

Conservation is the clpar winner. Us 
importance is clear also: Almost 40 per- 
cent of all Canadian end-use energy goes 
into buildings* Half Of this could be 
saved, an amount equal to 50 percent 
more than is supplied by hydropower in 
Canada. The benefits of energy conser- 
vation go i^r beyond the annual dollar 
savings to the houseowner^ however. Re« 
duced energy demandl means reduced 



energy facility constniction costs. The; 
energy-efficient home would save soci- 
ety |7,000 in capital costs compared 
with a conventional house> even allow- 
ing for the additional cost to the home- 
owner.*^^ • 

Similar benefits abound in the home 
appliatice market. Energy cost savingi; to 
homeowners, coupled with some strong 
policy measui^. have increased efti- 
ciency since l972 in the United States. 
Applijipces for space heating, water 
heatihg, air conditioning, and refrigera- 
tioji requirt thr^e fourthi^ of the energy 
used in U.S. buildings, with 42 percent 
going for %ace heat alone. Typical new 
gas furnaces now are about 70 percent 
efficient, having improved slightly over 
the last decade. New gas-fired systems^ 
however, ace 94 percent efficient. These 
employ heat ^exchangers that remove 
heat n*om flue gases by condensing 
them. Unfortunately, consumers usually 
choose less efficient units.^<^ (See Table 
7-5.) ^ 

The seasonal efficiency of central air 
conditioners has improved by over 25 
percent in the UViited States since 1972. 

Table 7-5. Efficiency of Typicul U.S. 
Household Ai>pliancei Versus Best 
m 1983/84 Models 



Electric Heat Pump 
Gas Furnace 

Gas Water Heater 
Electric Water Heater 

Central Air Conditioner 
Room Air Conditioner 

Refrigerator Free^er 
Freezer , 



(percent) 

53 

50. 

73 
35 

84 

64 / 

55/ 
73 



source: Ho^Wbrd S, (?eUcr, '^Efficient Residential 
Appliances and Space Conditioning Equipment »" 
in ACEEE. Doinfi BtUer, Vol B, 
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Rooth-ak c«n(!uioncr5 ha^c also iiri- 
proved ;i by abt)ut 17 percent. The im- 
provenienls occurred yiOJ>i dram^iticaUy 
betw^een 198! and U)82, presiUnably to 
meet Californian miniinuiV) appliance 
eHicicncy stand?irds.*^^ 
^ Watcmheaiers use M percent of the 
♦^ner^y con,sumed irf the IKS buildings 
sectpv. But the cfficit^ncy of elcct^ric 
water heaters, which represent a third of 
the market, declined between 1972 and 
1-980 — by about 2 polcent. (No data 
have been collected since that nme, un- 
fortunately, as a result of Rtjg^gan ad- 
ministration policy ) ryptcal natural- 
gaJi^fired water lieatcjis are only 48 
percent efliciont at point pf unc\ com- 
pared with 80 percent for new puLse- 
combustion models. A new pulse-unit 
, water heater would saVc o>6er $115 per 
year in fuel in the average U.S. home/** 
Refrigeration units in Japan, even ad- 
justed for smaller size, are twice as efli- 
cient as U.S. relrigerators. The Japanese 
refrigerators do not- sacrifice frost-free 
features or other conveniences to attain 
efficiency. Rather, they have more- 
efiicient compressors, better design, and 
better ir^sulation. A U.S. concern is that 
the Japanese could capture a si/^ble 
share of their market, just as the Japa- 
nese automakers did. This prospect is 



up to $110 more, but it yields a rate of 
rejLurn of 35 percent per year, A re- 
frigerator/freezer now on the tnarkei 
with an imf>ioven\ent" of 20 percent 
yields an aniWal return of 52 percent. It 
costs only $60 more than models with 
average elttciencies.^^^ 



Refrigeration units in Japan^ even 
adjusted for smaller size, are t>vice 
as effieient as U.S. refrigerators/ 



. An dak Ridge National I^aboyiuory 
study in the southern Unitcrcr States 
showed that, even if an existiyg central* 
air Conditioning unit is not vyu n-out, v<?^ 
placing it can pay for tlip^xtra cosM m- 
only five yei\rs. SignifK:antly, it was 
shown that many air conditioning units 
are over.sixed, which leads to nmch e!>- 
ergy waste (Von\ cycling losse.s. Over- \ 
sized unils cost more w buy aJ well as io 
operate. Replacing the average .worn- 
om unit with a properly sixed eflicient 
one pays lor itself in 6-12 months in. the 
soutl^crn United States and in 18-36 
months in the mid-Atlantic states. 
Lighting in* the United States costs 



about $30 billion in e^lectricity eacb year 
uncertain for several reasons, including and consumes 25 percent of all electric 
the difficulty of making international power, output. New bajlasts to stabilize 
comparisons, due to incoi^sistent testing 
meihod.s, for all appliances. Neverthe-K" 
less, the apparently higher efliciency of 
the Japanese refrigerator at leas! sdg 



the current in the circuits of fltiorcscent 
lights can reduce energy costs by 20-2.5 
per^ent^ and replacing incandescent 
btilbs with small (luorescems can cut 



gests the threat to U.S. manufaj'turers,^'^ •'^ consumption by an estimated 75 per- 

, More-efficient appliiirices c(>sl niot*e to 
purchase, but they quickly pa^or thcnvT 
selves. A highly elfuient^Jurnace mSf 
cost an additional $ 1 ,000, but it can yi^eld 
an annual teturn on investment bf 15 
perc<^jat over an average model due to an 
efficiency improvement of 50 percent or 
more. A gas-fired water hcatet' with an 
improvement of 33 percent over the av- 
erage model in the United Stjues costs 



cent. A recent article in tlie Electric 
Power Research Institute's El^Rl jSumal 
suggests that half the electricity i^scd for 
lighting could be saved in the Umted 
States— ;420 billion kili^vatt-hotjirs *per 
year, If accomplished, the saving^ wottld 
represent 0,5'percent of all world com- 
mercial energy, and 35 percent more 
electricity than the entire annual hydro- 
electric powef output of the United 
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SwesTThis potentVal is greater than the 
hydrpelettric output ol Central and 
*Soufh America, Eastern Europe, and the 
' vSovibi Union combined. As the EPkl 
^Jbnmul ft^t it> **(Thisv energy] could be 
saved through energy^e^^ic^ent ^'Strate- 
'* gies, all wiih5)ut impositig any hardships 
on productiviiyN safety » or esthetics. 

Commercialeb\iyding.s u.^e about one 
"Eighth of the eneygy consumed in the 
United States. Beciw^je lighting repre- 
sents 40 percent of the pci^k'^elejctrical 
re*iuirements for these buildings, peak 



the $ov4et Onion. The low usage is due 
m part to smaller living spaces, but also 
to the efficiency that is afforded by cen- 
tral heating systems. Many p<^ople live in 
ciifts in muhifamiiy dwellings, permit-, 
ting v<!ry efhcient district heating. It also 
makes cogeneratiort pos^ble, and the 
Soviets takt^ goo<J advant?(ge of this op- 
portunity. The Ibiited Nations has CvS- 
limaied. howevtrr, that an additional 20 
percent savinjjs could be attained in So- 
viet buildings' by the year 2000. The 
study underscoix^s the* importance of 



loads on utilities "could be cuf 5harpl^ ^ conservation by noting that an increase 
with Ughting energy conservation: of about 42 percent in total energy u.se 

by Ihis sector is likely even if these sav- 
re achieved, bailed on ah assump- 
ioT\^f^' rising living sjtandards.^^^ \ 
Uiese buildings in cold weather Jlo /e^^^ ^^/I he U:N.^tudy also concluded that 



rgy 

lights Contribute much of the heat that 
n?ust be ren^oved by air conditioning 'L^lli 
faet.^air conditioning is often )~equire(BB^^i 




buildings in^ cold weather ^o /e-. 

move the IVeat generated by excess lignt-.'^ 

ing?. Audits and small investments ij|;i im- 

provententA in commercial lynldings 

anild yield elect ricityj|^ings oft30 pev- 

tent iri Ughting, 25 tifspace^heat, ^0 in ^ 

ai*"- conditioning. ai\«vl5^erc^t for 
watet\heating.<^7 4|\ ^ 

S<Ye4!slT homes use 31^-50 percejrf^ess ' 
,Jheat than. American homes, Eh^ Swcd(?s 
enact e^d perfornmnce standards for l esi- 
dentflq^^ in the mid-seventies^ alid oflered 
inc^nqye^s Tc^r ColTsetvation inves/ments. 
Eft|.dehcy jevels* often exceed the re- 
J q,uii^mehts:, ihouj^i tHfe^standards iftay 
'\ have, nkrea^d- awareness ^ and ; ac- 
j;ce|ei'a1fed the overalhiijiprovement. TTIt^ 
analysis attribute •tjlji:' improvement tb » 
Joatxs tor^Jiiirg* moVe than $850 million 
- made, 'available '•for ^.efficiency invest- 
a ment.^rt(y cooperation between home- 
[ ownM, builders, and^the government;* 
^ to a natioiial- jtommitmefit to quality r 
housing; (o price incre??es; and to the- 
new standards. T.Key also n6tc4 th^it irn- 
' provemenOJ were' greater in hom^es built . 
t)y thpse who ir)liabited them, ^s op- 
posed to thosQ w^o built h o mes t t^jjjL^^ 
, :"The st^pe for $ayii^l|ll(^5^ ^ 
^ sector is brpad even Vhere. energy use.in * 
buildings is comparatively lo^y, sucli^ 




conservatiom could hold buildings-^ec- 
toi^energy demand in Western Europe 
to a rise 'Of only 5 percent/ Other re- 
search sujjgests a >^eduction in absolute 
energy use is possib^pr. A I^wr<?nce^ 
Berjieley LaboratSiry study estimates 
that with no change in energy prices, de- 
mand for energy per household in North 
America and Western Europe should re- 
main constant. Xhat is, increased de* 
ma^ul foj- services as income^ grow 
t would be offset by efficiency improve- 
ments. The authors point out,, too, th^t 
demand for most ip^or energv sjei-vices^ 
or appliances, in thes/^areas is Saturated, 
and that thb faster^tomes grow, tl\e 
sooner people can and will replace exist- 
ing ijpodels with»encrgy-^efftcient ones7^ 
^With rising prices and rising in^otties, 
efficiency would improve faster* 
^ Fn relative terms, Denmark.- France, , 
and We«( Germ^^ny have beeq most suo 
c^ssful in»i>nprpving^ efficiency ih build- 
m^3l?and the reason appears t,o, be a con- 
.terted "and balanced commitment ^at the 
highest national levels to bring about en- ^ 
ergy savings^ In the absence of bal^nce^ 
subsj^^^s for C(»nservation)n ihe bwild- 
;ing§ $tctor in th€iform of'clirect grants V 
hj^e ;|iot ^een g^ood policy. Billions of 
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dollars worth of gi apis in Canada and 
the United Kingdom, lor example, wete 
not siipplemeiUe<;l with information pro- 
jj^rartis Und were thus less effective than 
ihey might have bcen,^" More ftmda- 
irtcntally, a policy that assures rational 
energy pricing, backed with efficiency 
Ftgulations in cases of classic market fail- 
ure, offers the best hope of ene?;^' coiv ' 
servation in residentml and commercial 
buildings. \ . . f> 

ImpVoving energy efficiency in resi- 
dences in developing countries presents 
i;^ different but no lesf? important prob- 
lem, Fuelwood and charcoal provide two ' 
Ithirds of all energy used in Afnca and a 
third of that used in Asia. Wood> in fact, 
supplies the equivaloiu of^5,5 million 
^ barrels -of oil per d^iy, -BO percent of 
wfcich h usc() for cooking, l^ndeed, one 
of the Voorst problems facing the devel- 
oping worlcj is'the shrinking availability 
of fuel for cooking, , As fuelwood / 
becomes less* available, the burden of. 
collecting and transportinjg it, .which 
usually falls on women and children, 
greatly adds to an already heavy work 
load. Thif widening circle of firewood 
collection/moreover, adds to the defj|r- 
estation and soil erosion caused princi- 
pally by lumbering, agriculture, aftd 
drought.''^ , 

The challenge is to improve the effi-, 
;.cit:ncy of cookStoves without .adding to 
the work load, straining limited house-^^ 
hold* budgets, dirninishing so^ocuUutaf ^ 
valines, or reducing the utilitj^ of the 
cooking fire,^^ Th^ fire is Qften pimply an * 
.arrangement of three stones that sup 
port a cbokiog |^t. l-ong, -uncut 



the fire cm bf compromised. Moreover,' 
if the fire is enclosed in a stove, <^>^\Jia^ 
work is requfr<;i^jto cut the wood to fit. 
The atuaction of eiiergy conservation, 
tht^, partly o^set by ihe loss 6f some 
amenities and tho noyl for more wt>rk( 
ButMf Xfriew sfove^nis fuel consumption 
by half or,!^ fourth, as^s^^JT^^nggo^^C, then 
the tiriftr a*ntj effort of collecting fuel is 
greatly reduced. lf)l)(: stqve has a chim- 
ney, moreover, cooks aac expos^ed tp tar ' 
less siH^lTe and living spat(?s are m;ldc 
more conjfortablf . Lighting can be re- 
placed wiih Werosene, but at additional 
exp^Mise. ' * 

One s<;;^nous problem .with stoves is 
that locally made versions often deterio- 
rate to thei^YSoint where they no longer 
save fuel. This is 'common where'clay is 
UJ{cd lor construction. Reinforcing the 
clayH>r using scj an metal or ceramics to i 
build the stove \%n improve perform- 
ance. AnotUer serious problem ^is that* 
p(K>r desigi) lead* to "a mismatch be- 
tween pot^; aiid the cooking holejj irit^ 
which they fit. RelalecTdifftculties are the 
failure to include eiYOugh cooking holes 
\hnd the unevcpr^ distribution of heat 
among them, so that the <:ook is forced 
to spl^-nd more lime preparing meals. 
Better design can solve these problems. 
Projects Sn El Salvador, ' Kenya, s^ndli 
Nepal have provided cxpej;:ience that will 
permit be.tter design* and production. 

1 he key to saving firewood and diXng 
are low-cosi, ptefabricate<| staves* thzit 
are both durable ari^l simple- to use an<jl 
service. The solution of technical pr^b- 
l^nu. alone, unfortunately* will not be 
sufficieni*" for the \vi)men who would 



branches or dung cM?es are fed in fnom inost benefit from improved stoves usu 



the unsheltered' sides, 1 he fir 
serves as the center bf family 



^o 

i 



otl^l^' 
'ivity,, 

though it rarely is needed for hcM/ Fre- 
ouently, however' it'^is the only source of 
fight. ^ . . 

Because the fir^t step to rnore-cificient 
WQpd use is to shelter the fire f^om the 
wind> the social and lighting Tunctions of 



.ally caJSno^t buy thtm. Until women share 
^nore control of family purse-striiigs, this 
^probllern is not likely to dis^ippear. 
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Policies FOR an 
Energy-Efficient Future 

Two drastically diflTeroni visions of the 
world energy fulurc have come into 
focus. On one hand, energy demand 
models based on history indicate that 
j^obal demand will morothan double by 
the year 2025, On {h(; other, analyses 
based on energy conservation show how 
denKiful could be held to a much smajler 
ijgcrease, streuhing nonrenewable en- 
ergy supplies and facilitating the use of 
renewable resources. Both Visions have 
claim io validity, and the one that comes 
to pass will depend on coiiscious policy 
choices. 

David Rose of tl^- Massachusetts Insti- 
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>e^^orld\#tch Available Technol- 
ogA^^c^l^io incorporated efliciency im- 
prov^uiients i^)id enough to make all 
couriti'ies by the end of the century as 
eflicient as the most etTicient countries 
tod#)\ It also assumed that the world 
economy would by tlie year 202* be 
using the mpst eflicient and ecotxomical 
energy -using devices currently available, 
IJie annual improvement rates required 
to achieve these goals are 2 percent in 
industry andHransportation and 1.5 per- 
cent for building.s until the year 2000, 
ami then 1,2 percent for all sector^ 
thereafter. In the WorldWatch Ne\^ 
Technology Scenario, the higher rates of 
imprQvement are assumed to continue 
tTTfougli new developments UntiKthe 

ih. 

umes (hat effi- 
ty ^vUl improve at only a 0.8 percent 
nue,70 . ' ^ 

The consenation contribution inlhe^ 
two models prepared for WorldWatch 
was impressive: TJie Available 'Technol- 
ogy Scenario S5!jyvs 175 exajoules annu- 
ally in the year 2025. an atnotint ec|u;U to 
60 percent of \:urrent world conunercial 
energy use. " » . ♦ 

' The environmental importance of 
such an iihprovemcjit tan.be seen in th^f 
quantity of stilfur produced under the 
diflerent assumptions. Acid-rain-fonm, 
ing sulfur emissi<Tn§ would, without cotv 
trols> increase by lOS^iercent under the 
hi^h Clingy scenario. Application of 
availab1t^^ cr)ii<et'vatioo measuies could 
h^ld the.^ releases to a 35 percent in- 
crease. Emissions control technolog^ies 
still would be reqliiiflld. but their cost 
would bt draslicUlly reduced. It;is likely 
that sulfur emission?^ are not ()te sole cul« 
prit in acid rain, but the link i>5 stAJrig 
enough to. raise serious concern about 
risking emi&sion«^. -Acid train Aow threat- 
ens ior>^S(s> aqu^ttie life, and birilding 
matenafs .throughout eastern North 
Ameiica and Europe. Without conser- 
vation and* » sulfur >mi5}sions controls.' 



. r t- I I * , , year 2025, The reference case, from me 

tute ol Icchnologv\ttemt)ted lo recour h ........ v. v. . rir ^ 

I '.i i 1 ^ . • . . . L>.cpartment ol Enerirv, assume 

ci e these pictures by app ymirltte Avidely ^.^u 

1 , , ^ ^ / »j^v'vi^ «y . cienty Vill improve at only aO 

r<^s|)ected energy demand tnodeK rooted 




by J>ie Edmonds and John ReilVy of the. 
Institute for Et^iergy Analysis. Ro^e ob- 
tained energy demand results that diff- 
ered bv 100 percent depending on tlie 
^arnmlnt of conservation assumed. Bmv 
his study did not r^epovt the crucial im- 
pact thaf conservation had on energy 
>^pricej? — or the crucial efl'ect thi\t prices 
had on demand. Worldwatch therefore 
ask<d Edmonds and Reilly to run. their 
model using con.sei^ation" improve- 
ments ' consistent with the potentiii^ 
.demonstrated in this chapter,^'^ 
"^^r^o scen'itrios were a eated for World- 
Watch 'and contrajlted wiih^ third done- 
prcvioysly for th^ U.S. Depart tnenr of 
. Knergy (DOE). (See 1 abft^ 7-6.) Most of 
the basic assiun^ptlions for economic 
grQwxh, consumen price response, and 
some 30-odd other ft\ctors wci^ the 
s<^nie in all three: I he world's ecd^nomy 
and population weie a;$sumed to grow 
^ until 2Q00 at anniial r^|e? of l2 and 1.2 
^t^^rcent. respectively. |rhe nnly assump- - 
^ tfon that differed signiRcajntfy among! the. 
^ j^Ceniirios yvas the amotf nt of energy con- - 
' servfition realized; ' , 
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Table 7-6. World Energy Consumption and Carbon Dioxide and Sulf\ir Emi»«lons in 
1984. Wilb AKemative Projections for 2000 and 2025 



Assumed ArtnuaL 
Rnergy Efliacncy 
Scenario Improvement , 


Aiinnal 

LAXi, I gy 

Use ' 


Annual 

\^Al UOli L/iQXKlC 

' Emissions* 


Animal 
Sulfur Emission?? 


I984^(e5(imjuec0 


(p(.Mcent) 
2.3 


(cxajoulfiO 
300 


(billion torn) 


(million tonj>) 
100 


, Year 2000 


« 








^ OOt Mediun^ 


0.8 


s 

460 


7.2 


170 


Worfdwatch Available 
\ ^ leehnology 

' r.echnolotfy ' 
Year 2025 \ 


1.8 


36» • 


5.8 


V 

120 

V 


1 H ■ 

■ t 


360 


* 5.8 

L 


. 120 


DOE Mctliuin 

* A 

WorldwatciT AVaifltbIc; 
Ijfltnology 

• - ■» / 1 ^ 
Woddwatcn New 

IVchnolog)' 


0.8 \ 
1.2 > 

1.8 

1 


675 * 
■ 450 


10.3 

7.9 

7.0 


265 
♦ 

170 . 
135. 



'^Measured m terms ol rarbt)!!. 
source: Worldwiuch Insliuue and J. Edmonds c( at.. An Analysis of l\n$\bh Future A tnunphm Rcttfidon qf Fossil 
FuflCQf (Washihgton.'D.C.'^tS. Depanmrni oT Encrg)'/l984). Assumptions arc dostribrd in Notes 76 
f ;ind ^8. _ / • 

would hold ihe carbon 'diexide cpncen- 
tration only to 400 parts per miUioh. 
The conservation scenarios would, ^How- 
ever* reduce the buildup suftitiently to 
provide time to ^nd a way to minimize 
fossil fuel combustiofi. 

The Nevr I'ectlnology Scenario would 
save 225 exajoule^ a year. This projec-. 
lion is considered less likefy, hoover, 
for unlike the first qne ii rc;?ts on funb ' 
technological de;Kelopments. To atta 
, even the nt^re plausible Worldw> 
conservation scenario, efficiency 
continue to improve at recent fated 

u$ 



ihis threat could double. 

The conservation' scenarios would re- 
duce carbon dioxide (Emissions as well. 
Screntists Jtgr-ee (hat /ar-reaching ' 
changes in .glol^l ^limate will occur if 
atnjjU^pheric concentrations reach ^600 
paTO p!er\ million, roughly double the, 
pre-j'ndustnal level. T^^e DOE^ scenario 
would increase the concer\tratiori to 440 
parts pf r' million from the 340 ^eve^ of 
4he early eighties, whereas the World- 
w^atcf^ scen^ips wobld hold it '19 4^10^*^ 
420, Even decreasing the5[>rcsent levc/ 
of carbon emissions/significaDtly by 
usiq 
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unii of ovilpul declined al about t pcr- 

cciU per year between 19(30 and 1078, 

but then dropped 2 percent yc^rlv afier 
1979.^7 

V\\c diflerence beiwcen the high and 
the low eijiergy iiitures would have inv 
|)ortant econoinrc and environnienlal 
consequences Oil production cfjual to 
the current output o( sSaudi Arabia and 
VetK*zucla would be .saved, (loal 
aniouuting to 40 percent more than the 
entire woild uses today would be saved 
Knergy worth $24rinioi\ would be saved 
ni the year 2025. alnU>!)t fJiOO pci per- 
son. In conif/amoir/ihe cost of eneigy 
savec^ would, throughoul the period, av- 
erage only about half {he (ost ol new 
euergy .supplies ¥ 

I'hc potential loi iinprovemenl.s in ihe 
world\s major uses ol energy can be con- 
trasted VN^ith the targel rate.s assumed in 
(he Wc^rlciWatch Available rechiiology 
S^ccMiartb. For the wol Id sleel indusn y lo 
match the cuirent Japanese level of etli- 
cien^ by ihe end of the century, for c^x- 
* ainpl£* it will have to raise energy efli- 
ciency at an aimufll rate of 2.;i peixeiil. 
^ But if by then it is to save as much energy 
as preseiu costs already justify, it will 
have to incicMse efliciency at al^nost 4 
peiceni a year. Meeting economically 
feasible levels of efficiency in aluminunVj 
chemicals, artd^ct'ment pi^oduction re- 
quires improvement raters of%-3 percent 
per year. And if the world by the year 
2000 is to record auut^fuel economy as 
'high as the Japanc\se now register, it will 
have to increase energy efficiency at an 
annual laie of 2.3 percent. Getting 45 
nuTes pen gallon by 2025 ^neans . 'efli- 
ciency will have t^ rise^it about 2 percent 
a year, l^ist, to reach tnirrently economi- 
cal kYt4.s of ene<^' use in buildings will 
|Muire improving at' K5 percent per 
' 'Te^r between now. and the year 2025, Of 
cours?Kif energy prices increase any at 
all, more conservi^tiX)n' will be neecled^. 

nMie rates are rtot directly ecjmpara- 
hie U\ the ra^e'of ch<mge nf the us« of 



energy per unit of economic output, but 
they are tellijig in<;licator.s of the^:)Oten- 
iihl (or reducing the enci gy intensity of 
the world economy. Sleel, aluminium, 
chemicals, paper, and cement^ produc- 
tion consume miost of the encrrgy used in 
mdifstry. Cars and trucks burn up most 
of the energy used in transporation. And 
lui naccs, a|>pliances, and lights account . 
. ioi most of the energy in builciings. So 
these uses hold a good deal of the tech- 
meal und ecc^nomic potential for energy 
consei'Viition, 

The role of enei gy prices in tliese sce- 
narios is crucial, if alip complex and sur- 
prising, h is complex becauseenergy d<5- 
mand rises as pnces fall, yet energy 
pn( es rise as demand ri.ses. lihe effect of 
pcjj^" is further coniplicat^xl by conscrva- 
tion tliat occuj "^<>t ''vii) a result of price 
increase's but of technical innovation. 
The role of price is surprising bc c*juse 
even though price incentives brjug , 
abyut c:'<mservaiion, lower energy eosi^j 
rc'sulted from the two Woildw;\tch sce- 
narios than from tho^ DOE projection. • 
Oil, for examples, would cost $52 per 
bai rel in 2025 in the VVorldwatch Availa- 
ble Technology future, (onipared with 
.$57 in the DOE future. Conservation oc- 
( V4rs both MS a result of^price pressure 
and technical innovation. The modelers 
actually inttrvened to keep prices up> 
but ndt .as fiigh as if conservation had 
worked less well, Fhey^erfonruid thcji 
policy ec|uivyilents of piJomotingH^iifisgii^^ 
vation with taxes, regulations, informa- 
tion programs, incentives, research 'and 
dcn'elopment, and leadership. The na^u- 
lal result was both lower energy prices 
and lower energy den>and^^ 

Some pessimism is w.arnu)ted>^ how- 
ever, i he policieij thai would bring 
about maxirhiun energy conservation 
are clearly not in ^[^lace. Over half 4he 
world operates gjij^system without price \ 
signals that comiHuni]pate the value of 
energy; WheJ«LetK:rgy is allocateij^or ra- 
tioned it t^kial^ is used inefliOiently.ln 
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njiarkci ccxfiiomics, energy u$c t\cj[|COur- 
ag<?<l by i^x credits for energy induc- 
tion, by subsidies for declining and 
inefficient energyni$ing industries, nnd 
by price controls. Many (iicets of the en- 
ergy market in OKCD comxtries arc pro^ 
tected from inarket'meclujjiisms. lUecnic 
power, for example, is n regiilnted indu|' 
(ry, and consumers p^y i price far belo^ 
electricity \s mi>rginal value. The «iuu> in- 
dustry, d^e product of whicli is a major 
energy consumer, is sheltered and subsi- 
iiitcd^ and functions ns a virtual monop- 
oly in most countries.' 

vSix policy tyols can influence d)c in- 
tensity of energy use: energy price, effi- 
ciency regulations, capital availability, 
information, research, and le^ership. 
Price is by far the most impor^t. The 
_k^ast energy-effKient economies are 



those that have virtually told people that 
energy is not precious and can be used 
liberally. Fhey impose price controls 
and subsidies that distort market signals 
and lead to waste. Canada. Nonvay. Hhe 
Soviet Union;Hhe United States, and tj\e 
oil-producing developing countries, to 
^eai^^r lesser degrees, belong to thi? 
categoi7. 

Some countries have recently reduced 
energy subsidies. 1 he United States and 
Canada have eliminated the^aost impor- n 
tant consumer subsidy, oif price con- f 
trols, bvit continue to coptrol the price of 
large quantities of natural gas. The 
World BanV.has used its leverage to en- 
courage the eliminaticfti of price sub.si-/ 
dies wherever it could (particularly those 
for gasoline), even denying loans in 
some instances to fegypt, Mexico, and 
' Vehetuela> partially'because these coun- 
tries subsidized energy prices. Recently, 
Braxilindonesia, the Ivor^Coast; South 
K6rea,^and Turkey have nfitsved to elimi- 
nate or tfimjneasi^res tHat entourage 
ener^^y^was' 

t Th^'lfn^t cHfficient. nations are those 
,lhat rpi only(nave accepfed the reality of 
markqt prices^ut also biir energy con- 



sumer for the external costs of energy. 
These gove»7^nRMTits impose taxes to 
^ charge energy users for the^ burden (o 
society their consumption represents, 
including the butden of environmental 
damage ancV '^of needing foreign t^x- 
change tp import oif France, Italy, 
japan, and West Ceniiany generally pur- 
sue iliese policiesy. They typically impose 
(axes on oil, lor example, that increase 
. the purchase price, 

Energ)' f)rice increases have ^stimu- 
late4 ?nore consen'aiion'^than any othcV 
(actor — witness the doubling o< *%fli'T 
cicncy improvement rates following the. 
tw^o price hik^Ns of the seventies A de-; 
tailed analysis of why energy use ^ 
chaTiged in the United States after 1973 
reinforces this conclusion. Eric Hirst led 
a study at Oak Ridge National Uibora- 
tt>ry that estimated the covmtry now uses 
ajmost 2iQ |^)ercent less energy tlian it 
. wo\4d have if policies iiad not changed. 
Price rises caused two thirds of the con- 
servation response in the United States. 
Hirst and his coauthors .suggest that the 
remaining thir?h#|t\y be due to a variety 
of governmeni me^^ures such as auto-^ 
mobile fuel economy standards. 

Jae Edmonds ^points out. however, 
that energy scarcity al<)ne may not be 
enough to encourage aievel ofconserva- 
tion consistent with a low energy future. 
The widespread belief that an oil glut 
.will persist for years has already dimin- 
ished consei^atioA efforts and may con- 
tinue to do so. Price increases, more- 
over* will have little effect in centrally 
planneci nations insulated from price 
\sigiuUs or in regulated markets such'as 
that fotMe(:tric power. And asihe World 
depends more oirf electricity, the role of 
markets in detenWining ei^ergy prices 
will diminish.^^ 

1 here k the fVirther problem of mar- 
ket failure. .Tbe classic ci»^e tS^he appli- 
ance bought by a bndlojid whadoes not 
pay the pnergy bill for operating it. Tlie 
landlord h^s every incentiv^ to buy the 
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least co^jtly furnace or waier hi^ater, not 
lo pay more for one that will $a^ie energy 
(o,st3. rhe tenant who will pay the en- 
ergy bill haif no !>ny ip the choice of appli- 
ance. Another .example is the case of the 
twoix efficient but slightly more expen- 
sive automobile. Manufacturers cot^ld 
improve the fuel economy of their cars 
by 1()-3X) miles per gallon at an adch- 
tional cost of $100-H()0 pet vehicle. 
They balk M doing so, however, fearing 
that the slightly higher purchai>e price 
will decrease sales, ("onsunters typically 
pay jhiore attention to th'e purcha.se price 
of items than to potential life-cycle en- 
ergy costs. ' ■ " 



Martlet pricing and the removal of 
fnergy consumption subsidies are 
prerequisites ^for an energy- 
effi^cient economy.. 



Ne\v technological developments will 
be necessarv to attain the more-efYicient 
WorldWatch scenario. Promising areas 
for research lie in the* development of 
new materials for making light<M' au- 
tomdbrtes, cerami( for lighter engines* 
high-tetiiperature sen.sing atul control 
systenis, large hbAi pimvps, and entirely 
new indifvStrial processes, hiduslry sup- 
pc)rt Tot* research varies widely by cate- 
gory, witlt the iron ;md steel and the 
paper indusiries spending relatively vet y 
Jiuk.. U.S. Government snpport for en- 
ergy conservation research has declined 
precipilo^tsly because of Re^igitn ad- 
, ' ministration cuts. But as the Wbrldwatch 

Available Technology Scenario sug- 
(he greatest opportunity for con- 
^ ' servajtion lies n\ putting knowh measures 
ituo practice. Innovations of (his tyjie 
will depend heavily on4he spreacl of 
formation their v^ilue and availabil- 
ity.^^^^ . . * 

Many* countries in boifrt'Iast and West 



huye implemented a vari^ety of energy 
conservation information and a^sistj^.nce 
prognuns. Kfiiciency labeling of energy 
consuming products such as autpmo* 
biles, tires, furnaces, and refrigerators 
has been a very useful govej nmewt func- 
i tion in Sweden, the Unit<3|[l States* and 
Western Kurope. Other measures such 
as voluntary eOiciency goals, efliciency 
i\pdits. ;uKi grant pr ograms have a mixed 
record oP achievement, but nxany de- 
serve continued support- The success of 
these programs seems to depend on na- 
tional leadership, for they are taken most 
seriously when popular leaders elevat<$' 
their importance. 

In ,sunmiary» nothing substitutes for 
realislic energy pricn>g policies. Market 
pricing and the removal of energy con- 
sumption subsidies, therefore, are 
prerequisites for an cnei'gy-efficient 
economy^ Taxing energy use, however, 
could [fll^vide governments with a sup- 
pletnental solution, one that would help 
resolve'several problems: Conservation 
would be encouraged, alternative energy 
supply fostered, and deficits financed; A 
portion of the tax revenues would be re- 
quired to protect low-income, groups 
from the negative effects of the tax. 

Regulatory policies can provide a min- 
imun\ level of efficiency where markets 
fail or do riot exist. The obvious targets 
for minimvun performance standards are 
automobiles, furnaces, \vuier heaters, air 
eotiditionervs, and heat j>umps, Auto- 
inakers, for example, should at leSst be . 
required to increase fuel economy to 30 
and 45 tniles per gallon by, respectively, 
the end of the century and the year 2025, 
Minimum pcHorntanee levels might also 
required for industries in Centrally 
planned economies, although the comt- 
plexity of such standat ds as well as* re- 
dun<Jancy makes them undesirable iti 
market economies. The standards cho- 
sa\ for all itenus should be based on mar- 
ginal energy costs, \nduding the envi- 
ronmental anci other external costs of 
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cnergyf^As Clark BuUard of the Univer-^ 
siiy oHlKnois suggests, regulatory policy 
seldom can take .society \>eyond the 
cconomic«Uy desirable levels, and in- 
deed should not do Nevertheless. 
reguJaiic^ps cun provide an insurance 
poKcy against failure. 

Policymakers are thus pre:$ented with 
the task of making energy* policy on nu- 
merous fronts. Many industries, ser- 
vices, and, fmoUy, people will be affected 
. in complex, sometimes conflicting ways. 

But the most iniportant policies reduce 
.f to a few manageable items, and the most 
vimpott^nt benefits clearly arc worth the 
effort. 

,v Leaders can thiuk of conservation ir^, 
\nany ways. They c<(n see it,, for example, 
a5 a way to improve trade balanc'es yoy 
eJlther reducing the need to import En- 



ergy or freeing up extra fuel for export. 
Conservation can be considered a way to 
promote economic growth by Cutting 
capital requirements for energy and thus 
making funds available for more-pro- 
ductive economic investments else- 
where. And they can view consei-vaiion 
as a preventive for catastrophic climate 
change or forest damflge as a result of 
carbon dioxide, acid rain, an^ all the 
other environmental pmblems caused 
by energy use. 

xKe risk of faihne^ wh<^ther from 
undue pessimism or failure ^of will, is 
^reat. The risk itu hides overbuilding en- 
ergy facili^es, overstressing energy capi- 
tal bxidgets, and overburdening the envi- 
ronment, Ii is a* risk that need not be 
borne. 
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Harnessing 
Renewable Energy 

Christopher Flavin and Cynthia Pollock 



Amid railing oil prices and laissez-faire 
energy- polines in some countries, re- 
newal)le energy development might be 
expected to l^ig badly. In fact, worldwide 
reliance ^n renewable energy sources 
has grown more than 10 percent per 
yeai" since the late seventies, chiefly due 
to a surge in the use of hydropower and 
wood fuel. Solar collector sales have lev- 
eled off in tnany countries, but the use of 
wind power is* growing at an unprece- 
detiled pace, thanks largely to the stun- 
ning developwem-of-wind farms in Cal- 
ifornia. Over 5»000 turbines were 
insialied'in 1^>84 alone, setting the stage 
(or wind power tc? be a significant <*nergy 
source in mar\y countries. In 6razil> one 
of the largest countries in the Third 
Worlds alcohol from sugarcane provides 
43 percc*ftt of automotive fuel. Techno- 
logical advance? continue across a wide 
spectrum of new energy sources. 

Boosting the prospects for some re- 
newable energy^ sources is the mounting 
evidence that coal smd nuclear power are 
not the long-run ailernativ^s to oil that 
many had hoped. I he growmg evidence 



of dafnagCKto forests and crops from acid 
ra\n and air pollutants documented in 
Chapter 5 suggests that the need for ex- 
pensive pollution control technologies 
will c<mstrain growth in coal use. In the 
United States, nuclear powef s financial 
problems ^re w^orsening, burdening 
iitilities wnn $15-biUion worth of can- 
celed plants and another $100 billion 
tied in plaints under construction. Al- 
though thes^e two sources will fcujtinue 
to be major contributors to tljPworld 
energ)' bud^tj^their potential is clearly 
limited. 

Improved energy eflficiency^ias indicat- 
^ ed in Chapter 7, is the mosji economi- 
cal and least ^envit*onmentally disruptive 
af the alternative energy strategies 
being pursued » and it deserves the 
highest priority on national agendas, 
1 echnologies that tap renewab||^ energy 
sources must therefore be co'mpatible 
with the less energy-intensive systems 
that are likely to develop in many parts 
of the woHd. Although efficiency will in 
a sense Unfiir the size of the market for 
new energy sources, Jt is unlikely to seri- 
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ou$\y coY)s(rain th^ renewables industry 
in the near future. The market lor re- 
placing outmoded and uneconomical 
fo3sil-ruel-based systems is etionnous, 
providing roles for both efficiency and 
renewables. 

Some of the progress in renev^able en- 
ergy technologies in the past decade has 
been stimulated by^govenmient-spon- 
sored R&D. These eflbrts are modest, 
howipvei^, dwarfed in most countries by 
continuing support (of nuclear power 
and fossil fuel technologies. And in 
some cases they have been misdirected 
— with heavy expenditures, for example, 
on the development of large wind ma* 
chines when small^ unit^ developed 
commercially for a Action of the cost 
have turned out to be Tar more success- 
ful. But generally the public (imds have 
been well^pent and have paved the way 
for private industry. 
, One sure sign ihat renewable energy 
has come oi age is the increasingly tough 
questions the industry must fac<;. In the 
United §tates» the issue ol whether re- 
newable t^iergy tax credits should be ex- 
tended beyond 1985 has become a 
, major political Cjuestipn, brought to the 
fore by the several liundred million dol^ 
l^rs of ia?c xnt^idies that went to wind 
farms alori||t in n>84. As with new energy 
sources ii) the -past, tax subsidies have 
:^v,en the renewable energy industry a 
Heeded eariy boost, bu^ such subsidies 
fire only 'justified if they lead to rapi,d^ 
commercialization of an economical en- 
ergy source- Tax credits shoulcf and 
probably will be withdrawn wheti they 
are no longer jtistified. , 
^The ^nvironn^ental and socr-al cotVsc- . 
quences of renewable energy projects 
also. require serious evaluation. Massive, 
hydropowei^i^ojects being built in some 
developing countries may not be WQ|th 
their economic and. ecological, c^i^sts. 
Some alcohol-fuel programs threaten to 
tie up valuable agricultural land and fur- 
ther tiisenfranchise the rural poor, l^n^- 
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inten^ve wind famis and solar thermal 
powei\echnologies are expected to re- 
sult in land-use battles ursome parts of 
the worid. There are tnide-offs to be 
made*in the development of any energy 
source, and renewables will realize their 
promise only if these concems are ad- 
dressed early. 

The four renewable energ)' sources 
and technologies discussed in this year's 
State of the World are at varying stages of 
commercialization. Kydropower has 
long been economical and is widely 
used. Solar water heating and alcohol 
fuels are economical in certain circum- 
stances and steady progress is being 
made.\Solar thermal power technologies 
are more problematic, but evidence is 
increasingly j)ersuasive that some will be 
feeding electricity into the world s utility 
grids within a decade. Alcohol will soon 
be the main automotive fiiel in Brazil, 
but it has found only linntcd use in most 
other countrie#s. 



HvpROPOWER 

Falling water current ly^^^rovides nearly 
one quarter (>f the world's electricity. A 
major stimulus to the industrial revolu- 
tiotis in North America ^ijid Western 
Europe, hydropower was overshadowed 
by the growth iitT fossil fuel use during 
the half-centui7 o{ falling oil prices. 
More recently, the search for less ex|ien- 
sive» indigenous energy sparked a boom"* 
in the* use of" this' traditional source 
. T^iousands of hydroelectric prefects are 
under construction on four continents, 
but conHicts surrounding the economic 
and environmental merits of this strat- 
egy are far from resolved. Most of die 
large hydro projects are in the I hird 
World,/ and many threaten to inundate 
valuable cropland* destroy rave species, 
and displace indigenous pcopfcs. 



Tuble 8-1. Countrlei Obtaining More 
Thmn Mnir Their ElectrlpUy Prom 
t Hydro}K»wer 

Proportion of 
Total Electricity 
Capacity Thin h 

Hydroelcciric Counirici^ 

9O-I00 [ Bhutan, Ghana, L*W. 

Noi vvny, Uganda, 
Zaire, Zambia 

80-^9 Brazil, Iceland, 

Lnxcttibourg, 
Mozambique, Nepal 
R^Viinda, SAviizerland 

7()-7lt, Cameroon, Con^o, 

Costa Rica» Malawi, 
. Sri Ijanka 

6<M>9 Afghanistan, Angola. 

Austria, Colombia. 
Ethiopia, Ivory Coast, ^ 
Mali. New Zeahuul, 
North Korea, 
Paraguay. Tanzania 

5()^9 ^ Bolivia, Canada, Central 

African Republic, 
. Chile, Don>inica, 
Egypt, Gabon, 
' Honduras, Ke%a, 
Peni, Portugal, 
SudaUt Surinam, ^ 
Sweden, llniguay 

sotiRcr.s; World Bank, Energy Deparimcnt, "1981 
Power/Energy Data S\\pci for I0<) Dcvclopiiigr 
Countries/' Washiiw^o". March 1984? 

United^ Nationi. Yearbook of World Energy SlattsUa 
198! (New YorK: 1983). 

Some half-dozen nations arojiind the 
world r^ly ahnost exclusively on water 
far their electricity and dozens more 
generate over hJilf their power at dams, 
(See Table During the past five 

^yeari, 10 countries have in<?re'ased fhetr 
hydroelectric capacity by over 57,000 
iriegawau^— the equivalent of 57 large 
nuclear reactors, ^ee Table S-i,) Dijvel- ' 
oping co^niries get over two Tiftl^ of 
their electricity from hydropower. and a 
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1982 Wor)^l Bank survey found that 10 
nations planned to ad^Hworc than 5,000 
tnegawatts each from 1980 through ^ 
1 995. At a time when new orders for coal 
and nuclear plani5 have sloweij, the pace^ 
of dam constiuction has ac<^dkrated. 
Brazil, Cang^a, the Soviet Un^^.and 
the United States have (he largest con- 
struction progn\ms, but pPans for fxuure 
dams arc centered in the Third World, 
whcte eleclricity demand is growing 
mosi rapidly.^ / 

Large dan\s. the cheapest source of 
electricity in most ateas where they can 
be used, are going up at an unprece- 
dented pace/ The HooVcr, built in the 
United Slates in 1936/was^ the first to 
exceed I'SO meters in height. By 1980, 
just 65 large dams had been constructed: 
44 more arc due to be completed before 
the end of 1990 — 26 in I^uin America 
and Asia alone. ^ 

The use of electricity in developing * 
countries, though tempered by recent 
economic problems, is growing far fp^tc^r 
than in industrial nations. Large foreign 
debts and sluggish economic perfonn- 
ance may slow dam construction, which 
is very capital-intensive, but the World 
Bankc^pc'cts hydro capacity in the de^. 
v^JkJf>mg world to double in the eight- 
ies.,^ Once dams are built, electricity can 
be generated without fuel^nHj^orts, re- 
ducmg foreign-exchange needs; But 
many hydro projects cost billions of dol- / 

, lars and cieate debt problems of thefr 
owp untiligk)nstruction loans are repaid. 
China and Bmil have the largest arid 

% most ambitious, h)^'0 blueprints. While 

' , China has the greater potential, Brazil is 
building more rapidly; it^hydroelectric 
capacity 4s expected^tp double by 1993* 
In China, the 10,000 megawatts of hydro 
capacity under construction in 1980 

^ 'were enoiigh to expand the country's hy- 
droelectric output by more than half. 
The ambitious government plan envi^ 

: sions building 10 ihajor hydroeiectric 
facilities by the turn of. the century /each 
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Ttble 8-2, Gountri^s With Mi^or Hyclroelc^cMc Additions Between WS and 1983 

Operating Capsicity . ' \ 



Country 


1978 


1983 


Increase 


Increase 










^peiccnt; 


Brazil , 


22,000 ^ 


34,035 


12,035 


55 


Canada 


•1 1 ,898 


51.512 


9,614 


23 


Soviet Union 


47.500 


55.889' 


8,389 


18 


United Si?itcs 


70,989 


78.968 


7,1^79 


11 . 


Japan 


2G.099 


33.313 


7,214 


28 


Norway 


17,000 


2 1 .2<)0'' 


4,290 


25' 


France 


18,675 


21,300 , 


2,625 


14 


Mcxiccf. 


4,5'J 1 


6.500 


1,959* 


43 


Indiii 


10,832 


12,561 » 


1.729 


16 


Argeiuiuii 


2,935 


4,646 


1.71 1 


58 


Total 


262,469 


320.014 


57.545 


22 



'Capacity 1982 

souRcr.; Worldwaich InstitiUc. ba^rd on World Bank. U .S. Dcpai imcni o( F^ncr^'. aiul prrsonul communi- 
cations with cmlw."»ics. consulting fu-ms. and ntility ix^proscntiUivcs. 



consisting ol severaJ large dams. The 
ITiree Gorges project being considered 
for the Chang Jiang (Yangtze) River 
would produce up to 13,000 megawatts 
of power.^ 

the bf^st hydroelectric project cur- 
rently being built is on th^ PuranA Rtver 
between Paraguay and Brazil. Itaipu— 
*'singing rock ^ in the Guarani Indian di- 
alect — will have almost twice the capac- 
ity of the previous record- hoWer, the 
Grand Coulee. (See Table 8-3,) The first 
two generators started (Operating in Oc- 
lober I984> aud when completed in the 
early nineties, 18 generators will pro- 
duce 12>600 megawatts of power. The 
cOvSt is estimated at $18 billion. Five 
miles long and^half ihe^height of the Em- 
pire State building, the dam is regarded 
as one of the world^^ premier engineer- 
ing achievements. Brazil and Paraguay 
are to manufacture 85 percent of the 
equipment, though the project was de- 
signed and financed by corporations and 
banks from around the world. The elec- 
tricity produced at Itaipu will be owned 



equally by the two rountries. but tiny 
, Paraguay will sell almost all its share to 
the rapidly expanding cities and indus- 
tries of southern Brazil, 

Industrial countries with plans' for 
nvtyor hydro expansion include Austna» 
CanadU» the Soviet Union, and the 
Unifed States. Austria intendfs to expand 
its hydroelectric capacity by ^5 percent 
between 1982 and 4995; the Soviet 
Uniojn has five large dams' slated for 
completion during the eighties; and in 
the United States, where 8;000 mega- 
watts of capacity have been added in the 
past five years, 23 states plan t0 harness 
more hydropower by. 1991.* 

Many of the large hydro projects 
being built in the^United States and the 
Soviet Union are intended only to meet 
peak pi^er de^^tid. Water is released 
when po^^;|^jiis high and then electric 
pumps relifi^me reservoir at night when 
demand is low andi electricity is cheaper. 
In the United States, 16 percent of total 
hydroelectric capacity is derived frbm 
puinped-storage facilities. Although the 
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practit* results in a, net energy loss, it 
.saves consumers money. ^ 

In Canada, where almost 70 percent of 
(he nation's electricity conies from falN 
ing water ;^several may^or projects will be 
completed by 1985. By diverting the riv- 
ers emptying into James Bay and build- 
ing three larje dams, Hydro-Qjiebec ob- 
tained 10,300 megawatts of power. The 
company markets an additional 5.225 
megawatts from the recen\lyi^ built 
Churchill Falls Dam under an agreement 
with the provincial government of New- 
foundland. Hydro-Qiiebec sells most of 
this power in Canada, but about [^per- 
cent of its revenues are earned from 
sales to the United States. In 1984 Can- 
ada exported some $l .5-bilIion worth of 
electricity, and trade is expected to reach 
15 billion by 1989. Utilities in New York 
and throughout New England, which 
-currently depend on expensive oil and 
nuclear plants, have already signed muU 
tiyear contracts with Hydro-QUebec. 



Electricity produced in western Canada 
is expbrted to California, and an agree- 
mem between Manitoba and six North- 
cm .Plains states is imminent.^ 

Crowing international sales of hydro- 
power confirm that falling water' can 
profitably produce electricity for distant 
cities. First employed in Sweden in 1952, 
high-voltagc transmission lines enable 
long-^distance tnmsport of electricity. A 
1 700-kilon\etcr line, the longest in the 
world, was inaugurated in Zaire tn 1984. 
^ Ghana^ Laos, Mozambic|ue, Uganda, and 
'Zatnbia all export hydroclectricity to, 
their energy-thirsty^neighbors.^ A^d the 
^wealth of untapped hyd!X)pow<ir in 
Nepal could fuoi the Industrial growth of 
India to its south, where devjelopraeut is 
constrained by insullicient electfi^iij^. 

One alternative to international tradt 
in"* electricity is for energy-intensive- in- 
dustries to move to areas with inexpen- 
sive power sources. Aluminum smelters 
require more electricity per ton of prod- 



Tibbie 8-3. Largest Hydycleclrie Plm^i$, OpcraUng or Under ConMnictlon, 1984 



\pl^t 


Country 

- — , i » 


Riw^cd Capacity 
Upon Cpmpieiion 


' Expecled % 
^ or Actual 
Completion Date 


Itaipu * 
Jame3 Bay 
Guri , 
Tucurui 
Grand Coulee 
Sayano-Shushensk 


Brazil/Paraguay 
Canada 
Venezuela 
Brazil 

United Sfatcs 
Soviet Union 


(ittcgawatis) 

12,600 
10,269^ ^ 
10,000 
8,000 
6.49r 
6,400 


(year) 

11990* 

1^85 

1986 

1985 

1942 

1984 


Corpus Posadas 
KrasnoyaE^rsk 
Churchill Falls 
Bratsk ^ 
Ust-llim 
Yacyreta-Apipe 
Cab^ra Bassa 


Argentina/Paraguay 

Soviet Union 

Cai>ada 

Sqvict Union 

Soviet Union 

Argentina/Paraguay 

Mozambique 


^6,000 
6,000 
5.225 
4^00 
4f>00 
4,050 
4,000- 


1988 ' 
< 1973 ' 
1971 
1964 
1978 
1988 
1974.* 



sovrcm: T W. Mermcl "Major Dam," of ihc WQrid-1983." minB>ufr W Dam Comtruction August 1983- 
»YiirO'<))ii:b«, Annual Hepon 1 9S} {Motar^M: iOSSh "irtmwn. /yxx^m ivw, 
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met thiin any^ other co^Timodity, en- 
couraging producer^ to move to j>purj5;cly 
populated river bj^isins where power 15 
cheap. Northern Qiaebc^c. ihe Bi^i/.ilian 
Amazon, Siberia* and southern Australia 
have all recently become ;tttrattive 
place.s to do business. Large hydroelcc;\ 
trie dams are still starting up scrvrce in 
those area.s fur $1,000 per kilowatt or 
Jess. A moro typical con^ii Ociion cost (yr 
aHndro plant is $1,51)0 per kilowatt, al- ' 
mos1^lau|>lc iha( of a coal pTant but only 
50-7o*p<yi eT\t as nmgh as H nuCleai' facil- 
ity. Counterlyj^ .ihc^lt- ^igh ii\Vc$i/nent 
costs is the fact lljat hydro plants h(ivc at 
least twice the lij[e^:^pectancv ol^h^^rmaV ' 
generating unu.s. thcii operating Costs ^ 
are extremely low/ and fuel»*frpsts are'' 
zero.*^ ^ 0^., '0 • ' . , 

Small hydro plants can ^econX)nii- 
cally supply many rural areas \ytth 
electricity people would otherwise 
benmahle to afford. 



Technologies are also available to har- 
nes.s .the energy of smaller rivers and 
streams. Very small turbines and genera- 
tors, with an output of several megawatt s^ 
or less, are the* most suitable for many 
applications, especially itx developing 
countries. Kotlay t^wo billion people are 
without reliable electricity; nK)st will not 
be reached by utility giids during their 
lifeiin\es. Kven in.couiuries like Zaire 
and Briuil with inmiense hy<lro poten- 
tial, large projects will not reach the ma- 
jority of iwal people for n\any decades. 
Small hydro plants can econoniieally 
supply many rural areas with electricity 
pc*ople would otherwise be unable to 
aObrd. AncJ water pieviously harncsse<l 
►for other purposes — Hood control, irri- 
gatioiv» or municipal dritikitug supplies— 
is bein^ raiued through turbines to en- 
hance !ts /productivity. Likewise, dams 



that bave been allowed to detcrionue 
over the years are beiij^ repaired: l^iou- 
sands could be retix)htted on the tea 
plantatitms of Sri I^nka alt)n<^. 

Chma leads the world in small hydro- 
power Vjevelopment: Over 90,000 gener- 
atorsMnslalled since 1952 supply more 
l^iian one third of the electncitv in rural 
are;|S (.omn>unities and individuals aVe 
givHi iecbni<5al ^ssistancejind^ encour- 
aged to mslall, manage,/and reap the 
profits of a gx!:nera(ing facility. I he bulk 
of the projects are uhdei)iaken at die 
wttttnunity level usttig lotal skills and 
re^sOurees. At least lactQnes. employ^- 
ing over 8.000 people, prodiu*e the cpnv 
ponenis of smalt plants. 'I ho. average 
generating capa(;i(y per site h:ts risen to 
80 kilowatts and is growinp; mpidly. Ac- 
cording to one manu(acl\frer in Hang- 
zhou. Kast China, his 7-kilowatt unit ian 
be built and installed in less t.han a 
month. In 1983, China completed 1,1 M) 
small hydropower stations, adding" an 
aggregate generating capacity of .400 
megawatts.** 

Because China has activelyxlcveloped 
small hydro technolo^' and others have, 
nof kQf)t pace, its hydrd c'cjuipnietxt .is , 
no\v being Used jii a nQmbH ol^:cpuij- 
tries. Vurbines are c!xp<3rted to. CftVvUdj^, 
Pakistan, tvVu,o die Philippints'', ' vSri 
Lanka, an<l the^JnitcHl States. The larg- 
est exporlidealto date if;'with Colombia: 
rijV cOniH^factf'fs'ft^l (50 geneniting plants; 
>valued afl $5p milfion, and iycludcs In- 
)t»lbti<^) assii^tance and the. training of 
C6l(^nbirm .'♦taff. Paytiiu nt'wili be in com- 
inodiiios-^otton, sugar, coflTee. cocoa, 
leatlvr/ahcWf^lywood — which is an inter- 
e.^ting example of the growing tevJimicaJ 
cooperation between developing coun- 
tries. ^Ij^ " ^ 

In rural Pakistan., where electricity i.s . 
used pVimarily for lighthig, a 10-kilowatt- 
hydro plant provides- enough power for 
about 100 farrMlii:§ (compared with just 2 
families in Vhe United Stales). 'ri\e use of 
^ local maierialsj voludtary labor, and 
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romnitin;tl adniinisii^tion liag kept the 
costs of hydroclcc<ric Oicilitics surpris- 
ingly low— 1350^500 per kilowatt. Sev- 
eral dozen plants are already opei^ting 
and an even greater number are planned 
or under construction. A more typical 
cost for small-scale hydro projects in the 
"tJnited States is $2,000-8,01)0 per kilo- 
watt. Reductions are clearly possible, 
however, as turbine technologies arc 
srtandardized and packages areUailored 
to the needs of developing nations. 
Likely adaptations include using sturdy 
local materials that require minimal 
maintenance and forgoing the use of so- 
phisticated technologies to cpntrol 
water and electricity flows. 

Small hydro developiijent in the 
United States is being encouraged by the 
Public Utility ReguHuory Policies Art of 
1978. which requires electric, utilities to 
purchase power from small, indepen- 
dent Suppliers. In most states the utili- 
ties must pay for, the cle/iricity at its 
^ avoided cost" of production, a great 
stimulus' to hjdro development. The 
New England River Basins Commission 
estimated in 1980 that the potential of 
the region \s 8,1^00 existing or former 
dam sites equaled about 7 per<;ent of the 
area's, generating capacity. Not sur- 
prisingly, permit applicationsjo reserve 
p<:]ytential development sites Hooded tRe 
Federal Energy Regulatory Commis- 
sion, reaching a peak of 1.856 in 1981. 
(See Table 8-4.) Despite this early inter- 
est, the number ofhcenses issued annu- , 
ally did not reach the level w^idely pre- 
dicted. Only 138 projects — with a total 



capacity of 272 megawatti — were in op- 
eration ^as of February 1984. Another 
164 projects, which would add 300 
megawatts^ were under construction. 
EnvironwentaUsts and c/>mmunitv 
. leaders in New England and the Pacific 
Northwest have rightly questioned the 
desirability of d^^ming all potential 
sites. Building several small projects in a 
watershed IS p'robably justified in many 
cas^^s. although parks, wilderness areas, 
j^md scenic rivers should be protected. A 
growing numbcfv of river basms, how- 
ever, are threaterted witli overdevelop- 
ment. For example, more than 45 ap- 
plications have beer\^ filed for hydro 
projects on the Salmon River in Idaho. If 
all of these were developed, fish^ and 
other aquatic l\i^ could be irreparably 
harmed.**^ 

Although no mechanism exists in 
most European countries for selling pri- 
vately generated electricity to state utili- 
ties, there are still opportunities (o de- 
rive power from mountain streams. An 
upgrading program recently begAn in 
France calls for the installation of 27 
small hydro turbines at, nine existhig * 
dams'onuhe River Vjir. I he first utflus. 
ccmnnissioned in 1984. .^re designee! to 
provide 10 percent of Nice*s power. An 
inventory of sites in Cs^echoslovakia re- 
vealed that 15,000 small hydroelectric 
stations in operation in 1930 had fallen 
into disuse. I he prlliminary .survey in- 
dicated that 10,000 of the plants, each 
under 100 kilowatts, could be economi- 
cally lenovated. I he overhauling will be 
.subsidi/,ed by the statq aqd managed by 
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V Table 8 4. United States: Pe|-nii(s and Cieen.ses for Hydroelectric Plants, 1978-83 



1978 


1979 


1980 


1981 


1982 


1983 


Total 


Preliminary Permit Application.'^ 3() 
Preliiniiiai y Permits Issued 2 
License Applications 25 
License.s Issued ^1. 


7() 
13 
33 
10 


301 
138 
80 

7^ 


1 .85() 
578 
, 100 
G6 


944 

750 
267 
55 


624 
416 

260 
88 


4.037 
1.897 
771 
- 315 


soukck: Idaho National Engineering I^iboraToiy. ^'flvdroolctiric Devcio 
Trcnd.s/' prc[>arc(( for the U.S. Department of F.nergy. January 1084. 
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public and private agencicii.*^ 
The costs andj>encfits of hydvopowcr 
' development mmi of course be carefully 
weighed. Too ofien dams have been 
comtrucu^d wi(hou( sufficieni planning; 
leading Po unforeseen and \in<S'anted 
consequences. Inadequate fish handling 
facilities have eliminated access icressen- 
tial spawning a|K:as, reservoirs have ex- 
panded (he breeding grounds r6r snails 
(ha( spread schistosomiasis, anB (he re- 
creational benefits a(,ti ibuted to ai (ihcial 
lakes ai e of(en less valuable* than the 
wildlife and whi^-water rtver activi(ieS| 
they rephue. In ;iadition, large project J 
often displace indigenous peoples; 
wliose cultures anci life-s.(yles*j#t^ irrevo- 
cably ahered even if (hey v^ij^w new 
land in return for their flooded home- 
land.»7 * ^ ^ 

The floodii^g of Lake Brokopondo in' 
Suriname in 1964 created (he hrstjarge 
reservoir in a rain fores( and a,no>tious 
stench that persisted (or years. Ins(ead 
of razing (he forest and earning n^llions 
of dollars of (bix^ign exchange for (he , 
lumber, 570 sqnare mile* of trees disap- 
peared under^wa(er. I'heir subsequent 
\)ecompos1tion^ produced acids that cor- 
rodiU the d5m\s cooling system and in- 
tolerable amounts of hydrogen sulfide. 
Unfortunately, the experience. has been 
repeated even in' the most recent pro- 
jects. Wat^T hyacinth, a plant that 
spreads rapidly in impounded reser- 
voirs» is another unwanted lesult of 
. some hydrp developmenf^: It clogs tur- 
biiies and robs other aquatic life pf es- 
sential nutrients.*^ 

One of the most pei sistent problems 
associated with hydroelecfric develop- 
ments is the failure to maintain stable 
watersheds. As described in Chaptw 8, 
deforestation of riverbanks often results 
in -accelerated erosion ajid rapid sedi- 
mentation of waterways and reservoirs. 
Numerous examples exist of dams 
whose lifetimes were cut short> some- 
times by more than half, because of 
unanticipated siltation. Hydroelectric 



facili(ies are too expensive aod water- 
sheds too valuable to allow this'-ro con- 
tinue. A reservoir that, is filHng fapidly 
with sediment is not a renewable energy 
source. Better planning and detailed en- 
vironmental assessments*^ can:, mitigate 
most of these' problems. Comprehen- 
sive watershed-management programs 
should be fbrmulryted before d:tm con- 
sti uction is begui\. If the potential envi- 
ronmentlii impacts are evaluated early in 
the planning process, unsound piojects 
can be scrapped before (hey become fail- 
ures. 

Throughout the world, hundreds of 
thousands of megawatts of hydroelec- 
tricity have already been hai nessed, but 
the leinaining potential is enoiinous. 
Vhe 1980 Woild Eneigy Confjfrence 
predicted that global hydroelectric out- 
put would quadruple between 1976 and 
2020. And the World Bank, based on its 
1982 survey, estimate^) that installed hy- 
droelectric capacity in 100 developing 
countries will almost triple between 

1980 and 1995, >\r^ ^^^^^ ^^V/^ ^'^i*^ in- 
crease, only two thirds df the economi- 
cally feasiblv hydro potential will have 
been captured.'^ 

Although largp-scale hydroelectric de- 
velopment in industrial countries ap- 
pears to be slowing, a growing number 
of developing countries \}re investing 
huge sums of money in both large- and 
small-scale projects. With careful plan- 
ning and an eye toward ,sx)eiitl and ^pvi- 
lonmental impacts, the long-term pro- 
ductivity that would justify these 
investments can be realized. 



New Directions in Solai^ 
Water Heating 

Since the early seventies, solar water 
heating using flat-plate collectors has 
beett one of the best publicized renew- 
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able energy' technologies' Although 
.soit)€iimc5 overshadowed by more daz- 
zling innovations, both commercial and 
residential jiolar heating continue to 
grow. In m^ify areas of 'Australia, 
Greece, and Israel, most homes heat 
their water .with solar collectors. Among 
larger counrtics, Japai^ and the United 
States do the most solar water heating, 
and each supports a solar industry with 
sales of scvei^l,hundrcd million dollars 
a vear. - 



1^ 



Thf^ Israeli Government expects 60 
percent of the country*^ hot water 
to be heated by solar collectors by 
1990. 



Although the suu has been u.^^d to dry 
crops 6nd heat homes for millennia, 
modern solar water heating dates frotn 
1 89 1 . when a Hat-pl^^collector was pat- 
ented in Baltinxore.^wl viand. California 
engineer William Bailey developed the 
first commercial syS^em in 1909. His 
"Day ancl Night" collector consisted of a 
glass-covered box with a metal absorber 
plate and copper tubing, The tendency 
of hot water to rise circulated the jieated 
water to a separate storage tank. By' 
1918, some 4,000 systems had been 
sold. The availability of cheap natural 
gas in California in the twenties caused 
the collector market to collapse, but 
solar heating became popular in Florida. 
By the lat^ thirties, 50.000 systems had 
been msialled iVi the Miami area, cover- 
ing the rqofs of four out of five new 
homes. " 

After the oil price increases of the sev- 
enties, solar water heating again became 
popular I he technology has changed 
only modestly: Air, waiter, or another 
fluid circulates from the collector to a 
^ank, carrying the sun's heat to where it ' 
in needed. In Israel and Japan, **passive" 
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systems tl^at incorporate both a collector 
amd tank and^rely onWiamral circulation 
predominate.^ Most American systems, 
ort the ojhcr hand, Vre pump-driven, 
with a separate indoor storage lank. 

Solar collcQtors arc most po(5^lar in 
areas where fuel costs are high and sun- 
shine pletuiful. Israel, with 320 days of 
^annual sunshine and virtually no oil re- 
serves, has installed over 500,000 sys- 
tems, enough to meet A) percent of the 
Country s hot water needsMsraeli collec- 
tors are locally designed and^ relatively 
simple, with most sin|?leTamily homes 
needing just a 150-liter storage tank, 
Klectricity is use<l as a backup, .but the 
typical household spends onl^' $25 a year 
on supplemental Water heating,^ ^ 

Israel s solar systems are successful in 
part because they sell for only $600. less 
than a fifth the average price fi^ t^e 
United sStates. >Since 1980. (he Israeli 
Governmem has also oflered modest 
)>olar tax credits, and solar water hejj^tm]g^\ 
is required on all new homes and/apart- 
ment j)uildings less than seven ^tories 
high^i Fhe governmei'it expects *60N^er~ 
cent of the country's hot water to be 
heated by solar collectors by 1990. Isia- 
eli universities, researc^^l institutes, and * 
private companies are international 
leaders in this technology and have'd^- 
velqped a substantial export market in 
Europe, the Middle and Far East, and* 
North and South America. One Israeli 
company has installed 4()0,000 systems 
in 2^ co\intrics,^2 

s In Europe, solar water heatirtg is most 
popular in Greece. The Energy Ministry 
estiwiates that there are 100,000 small 
domestic systems in place^ as well as 
hundreds in hotels. Approximately ^50C- 
000 square meters of Collectors have ' 
-been installed. On many Greek Inlands 
simple rooftop collectors are used on 
the greats m'ajority of houses, France also 
has^ about 250,000 squacr meters of, 
solar collectors, most of them the mor^' 
expensive pumped-circulation designs. 
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An extensive program oi governmerjit 
j^upport aims to have two million squ3(]fc 
meters instaUed by 1990» enough to hdBt 
water for over 4(10,000 houses:^® ^ 

The European Economic Community 
assists with the financing ol solar hot 
water systems on mOch ol the continent. 
This, together with government inceti- 
live programs, has led to limited use of 
the technology in Italy, the United, King- 
dom, and West C\ermany. About 20,000 
British homes have solar-heated water. 
In Eastern Europe^ all the members ot 
COMECON npw have plans to use solar 
hot water. Among the most active pro- 
grams are those of C:^:echoslovakia and 
Romania, where hundreds of apartJilent 
buildings ^are solar-heated. Bulgaria 
plans to install 30,000 square meters of 
collectors by 1985.^^ 

In Japan, as in Israel, the use of solar- . 
heated v^icr predates the 1973 oil em- 
bargo. According to one estimate, prior 
to tne use of gas- and oil*fired water 
heaters in the late fifties, 38 million Japa- 
nese homes had solar collectors. Since 
the early seventies, rising petroleum 
prices and a program oO special govern- 
ment grants and loans have led to a re- 
vival of solaf water heating. Japan- now^ 
has about four million solar hot water 
systems in place, serving over 10 percent 
of its houses. Approximately 500^000 
systems are installed each year, and the 
goahfor 1990 is to have^seven million* 
Also planned are 6>500 apartment and 
office building systibms and 1 ,900 for fac- 
tories. The Tokyo city gOvernrnent is 
adding solar heating to schools, hospi- 
tals, and ^her government buildings. 
Most Japanese collector? are passive 
models witjhi gas or electric backup. 
Prices average about $700 per system, 
comi>etitive with the cost of coaven- 
ttonal heating.*^ ' 

Australia '3 collector industry is one of 
the world's strongest* Over 100,000 
hotncs have solar hot water systems, 
making Australia the third Jfiirgest per 
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capita user; behind Israel' and J.apan. 
Costs of less than $1,000 ntake collec- 
tors economical in the rural/'outback** 
where fuels muit be trucked long dis- 
tances. Australian solar companies have 
steadily improved their collector designs 
and are major collector exporters.*^ 

Many other coimtries have made some 
use of solar heixting. China had 80,000 
square meters of collectors in place in 
1980. South Korea also has collectors on 
many rooUops. In India and Nepal, hun- 
dreds of governinent-rur) institutions 
stich as schools and hospitals are being 
fitted with solar heating system??, China, 
India. Mexico, and several lyliddle East- 
ern countries are among those now con- 
ducting resehrch on solar heating at 
national universities and research insti- 
tutes.^' ^ ^ 

Although affordable energy sources 
are badly needed in most developing 
countries, a d9mestic wa|er-heating sys- 
tem other than a wood or charcoal fire is 
beyond the means of the vast majority of 
people. In an attempt to get around this 
problem, the govemment-run Central 
Mortgage Bank in Colombia is financing 
a solar heating project for 1 ,000 families 
in Medellin and Bogota. One indication 
of the potential market in developing 
coimtries is the fact that the U,S. Solar 
Corporation had by 1984 signed licens- 
ing or direct sales agreements with com- 
panies in Belizj^, Brazil, India, Iraq, Pan- 
ama, Peru, the Philippines, Saudi Arabia* 
South Korea, and Yt?men.*^ 

In some parts of the United States, 
solar water heating is widely used and 
has a well-developed industry t6 support 
it. Centered largely in Arizona, Califor-^^ 
|^ia» and Florida, the U.S. industry has 
produced over 1 .5 million j^quare meters 
of solar collectors Annually in recent 
years, representing about $700-^00 mil- 
lion of annual sales. (See Figure 8-L) 
Over one million systems, spanning 
about 1 1 million square meters » have 
been installed since the early seventies. 
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About halt these are rojvMcmperature 
$ys(cm?^ that ate widely used in Califor- 
. nia }ind Florida to heat swimming pools. 
Solar heating supplies about 20 trillion' 
BTUs each year, most of it fron) the 
morc^ efficient medium-iempetnture sys- 
sterns used for household water heating. 
The U.S, Dep^'iment of Ivnergy projects 
that solar water heaiin^g w^l grow ten- 
fold by I99().«» . ^ ^ ' 
So far. just, a few hundred thousand' 
Americans use solar-heated water. Col- 
lectors have not become as popular as 
^ many in the industry expected. And 
Since 1980, the sale of low-temperatnVe 
pool systems has (!||^^morc than 50 
percent, due to market^aturation and a 
change in California.law prohibiting tax 
credits Xor such systems. The million 
so square meters of mediuirf-tempera-- 
ture solar collectors sold annually since 
1981 are suffkient for IX)0.000 homes 
each-year arid an equal numb<j^ of com- 
mercial and industrial systjcMus. Industry 
leaders beheve d^at th\economic recov- 
ery of 1984 jt)oosted\iles, although 
figures. are^not yet avail5#>le to confirm 
their impression. 

1 he American coUectoi/ industry con- 
sists of about 250 c^^panies, mostly 

Million 
Scjuarc Meters 

2.0- 
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Figure 8-1. SoUr Coiltctor Manufacturing In Ihe 



" relatively small manufacturer.? hud com- 
ponent suppliers. Leading arc n a solid 
core of 10 mannfactuf ers that shipped 
over halfMhe collecto|;s sold in 1983} 
Ventured. ipto this industry by Fortune 
^500 companies hqve.met with limited 
success. Exxon, for i^example! sold its 
solar hot water ljub.sidiary [n 198 K^V 

The typical U.vS, solar hot water sys- 
tem—with pump-driven collectors and a 
large ^ capacity — costs about $4,000. 
Consequently, sales depend ()u federal 
tax credits and .Similar credits available 
in 29 states. But these tax breaks are use- 
ful mainly to the wealthy. Substantial use 
ofrsolar coflectors by loAv-income people 
has only occurred where financial assist- 
ance or community self-heJp programs 
are available. The Tennessee Valley Au- 
thority, for example, has supported (iie 
installation of*^5,000 systems with, no^ 
and iow-int^rest loans. Pxuific Gas and 
FJectric and the I^ong Island Lighting 
Xlompany have sunilar programs. In 
Colorado's 5an Luis Valley, where half 
rl>e populati<5n i.s below the poverty line, 
one quarter of the homes have solar col- 
lectors, thatiks to a community program 
*T|)at installs locally built systems for a 
few hur^dred dollars*^* 

Although most systems used to be 
sold by jmall contractors and specialty 
► st9res. large ret^iil chains ?nd even door- 
to-door sales stafl have en^pred the busi- 
ness. Sears Roebuck and Company now 
markets collectors iti some storeji and 
plans to expand theil^availability. Some 
smaller companies are opening up new 
retail outlets and distributorships each 
month. Extended payment plans and tax 
credits ease the consumer's financisii 
bprden, making collectors an attractive 
purchase. 

Large commercial and industrial sys- 
tems are the most rapidly growing use of|. 
solar collectors in the United^tates, Ho-T 
tels» laundries, food processors, and 
niany othetf businesses require extensive 
amounts of hot wateij, and mosT have 
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seen their natural gas and^clectricity bills 
, soar in recent year3. l>arge ordei^ enable 
manufacturers to gear up production 
lines and minimize marketing costs. The 
biggest system yet was installed at the 
' Packerlan<| meat-packing plant in.Grecn 
Pay, Wisconsin, in 1984. It cost $30 mikv 
Hon and includes 10,000 square meters 
of solar collectors.'^ 

The Paclcerland project is a product of 
the *'Solar Utility Program'' developed 
by American Solar King, a Texas-based 
company. It is intended to assuage the 
reluctance of many firms to invent con- 
siderable sums in^ehergy projects, a 
business with which^icy are unfamiliar. 
American Solar King agrees to sell a 
company hot water at 20 percent less 
than the price of heating it with gas. de- 
signs and builds the collector system, 
and raises the needed capital from third- 
party investors. For the host company ^ 
there is virtually no risk. The Packerland 
project alone used more than a tenth of 
the mediiun-temperature collectors 
manufactured in the United matc:s in 
1984 and allowed American SoIm King 
to quadruple its rhanufacCuring^dlpacity. 
This company and others, believe that 
the largely untapped commercial-indus- 
trial market Kas considerable poten- 
tial.*^ 

American manufacturers have made ^ 
major efforts to lower costs* mainly by 
simplifying their systems. Since the early 
eighties, a growing share of the solar 
water heaters sold in the United States* 
have been simple ''passive'* systems, 
many of them exported by. Israeli and 
Japanes>e comp'aniesL Some American v 
firms have obtained licenses to manufac- 
ture the foreign-designed collectors and 
others have developed their own natu- 
ral-ctrculation systems. In C^lil^rnia it is 
estimated that such systems now claim 
half the solar collector market. Although 
some cost about as much as" the^typical 
aetive system, others are available for 
$1,000 or less. Low cost and reliability* 



are fin^iiUy being coftibined by many 
manufacturers, and this could lead to far 
,grea,ter use of solar coUectors.^^ 



Sears ^Roebuck and Company now 
markets solar collectors in son^e 
stores. 



Costs can te further reduced by tech- 
nological advances. Researchers report 
that although the best collectors have 
ilnproyed little in the past five years, j|v- 
ei^ge systems tjre more efficient and last 
longer. Optical properties, thermal sta« 
. bility, and siuface uniformity have all im- 
proved and the real price of collectors 
has been halved since 1977. Most manu- 
facturers have switched to the use of low- 
iron glass on their collectors, an im- 
provement that boosts the translnission 
of sunlight by 10 percent. Required test- 
ing and cei tificati<iq of these systems in 
many states has ended the hon or stories 
that accompanied some faulty early in- 
stallations.^^ 

Advanced collector ^* designs and 
materials may eventually yieW even bet- 
ter performance at ^ lower cost. The de- 
sign that has received thelnost attention 
so far is the vacuum tube solar collector, 
which has found limited use in Europe, 
Japan, and the United States. Vacuum 
tube collectors are efficient and work 
well in cold weather^ but they^re fragile 
and expensive, and will probably be 
confined to specialty markets.'^ 

Plastic thin-film solar collectors may 
be the next step in solar water heating. 
First developed by Brookhaven National 
laboratories in the United States in 
1979, the ''solar sandwich*' has several 
layers of plastic film suspended by light- 
weight^steel. The collectors weigh only a 
tenth as much as metal or glass ones and 
are much less expensive to produce. A 
New York-based company has turned 



the Brookhaven design into a commer- 
cial system that it plans to sell Tor |7(>0. 
If the perfom^ance and longevity of 
these collectors is sufficient, the result 
could be greatly expanded listr'of solaf 
water heating,^^* 

Although the past^ecade ha3 seen mv 
precedwtcd progress in solftr water 
heating, the enormous potential of this 
energy source has only begmj to be 
tapped. Properly designed and built sys- 
tems are clearly economical where the 
weather is sunny and fuel prices are 
hi^h. Developing countries and the ra- 
pidly growing sunbelt regions of Europe 
and the United States may one day get 
most of their hot water from the sun's 
energy. But solar heating does not make 
sense in every region, and policymakers 
should paluate its feasibility closely be- 
fore promoting itsi^se. 
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There are two iliain technologies for 
generating electricity from sunlight. 
Photovoltaic cells, discussed at length in 
State of the World- 1984, are made of sili- 
con; they directly convert sunlight to 
electricity. Solar thermal power tech- 
nologies produce electricity in Inuch the 
way conventional coal- and oil-fired 
plants do. They capture the sun's ,heat 
^nd use it to produce steam that spins a 
turbine and a generator. Although these 
technologies have not been developed 
as rapidly as photovoltaics, recent ad- 
vances suggest that they have substantial 
potentiair 

Solar thc^rmal power technologies ^re 
designed lo concentrate the relatively 
diffuse energy of the sun and use it to 
heat a fluid to Well above' the boiling 
point of water. To accomplish , this, large 



areas must be covered with durable solar 
collectors. I hc steam or hot water pro- 
duced c^n be used directly in a district 
heating system or industrial complex or 
indirectl^^tp generate electricity. Be- 
cause it is often difficult to place such 
IJficilities near a big energy user, the lat- * 
ter js generally mor J practical. 

One approach is to install individual 
solar concentrating devices— eithef 
parabolic troughs ^r dishes — that Collect 
heat. These can be attached to individual 
power generators or they can pipe hot 
flui4 to a circulatmg water system that is 
hoolced up to a central^ generaltor,.A sec- 
ond technolog)' being developed is ii^ 
^ solar central receiver that uses a large 
array of mirrors to concentrate sunlight 
on a single receiving device. The intense 
heat turns water or some other fluid into 
steam that runs a turbine. The last ap- 
proach, in many ways the simplest, is a 
solar pond — a large expanse of saline 
water that is o»areful!y controlled so that 
the captured heat is kept at the bottom 
and insulated by upper layers of water. 
I he hot water can be siphoned from the 
pond*s lower areas to generate electric- 
ity. 

All three approaches-— described in 
some detail in this section — are at simi- 
lar stages of development: Several ex- 
perimental systems are operating, test- 
ing is under way, and more advanced 
and larger systems are being designed 
and built. (See Table The research 
is being done in just a few areas of the 
world— the southwestern United States, 
Australiaj^* the Middle East (principally 
Israel) » and southern Europe — because 
the technologies work best in desert or 
|lediterranean climates with clear air 
intense sunshine. 

Parabolic troughs, the first sqlar ther- 
mal power technology, consist of rectan- 
gular, conqive mirrored collectors that 
focus sunlight onto a thin pipe running 
across the collector, A fluid inside the 
receiver tube, usually oil, is heated to 
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Project 



Location 



Technology 



Operating 
Cupiinty 



Exp< 



rcTual 
Date 



Solar 100 
Denby l^ikc 
Luz 

Carissa Plain 
Roan 
Solar One 

Mysovoye 
Bet haArava 
La Jet 
Themis ^ 
CESA-1 * 
Siuishine 
Eurelios 



California 
California 
California 
Cahfornia 
California 
California 

Soviet Union» 

Israel 

California 

France 

Spain 

Japan ^ 
Italv 



Central Receiver 
Sobxr Pond 
Trough Collector 
Central Receiver 
Trough Collector 
Central Receiver 

Central Receiver 
Solar Pond 
Dish Receiver 
Central Receiver 
Central Receiver 
Central Receiver 
Cet^tral Receiver 



(kilowatts) (year) 

•100,000 ' ♦ 

48.000 / 1988 

41,800 . 1986 

30.000 * ♦ 

15.000 1985 

10,000 ^ 1982 

5.000 1983 

5,000 1984 

4.500 1984 

-2.000 1983 

1.200 ' 1983 

^ 1.000 1981 

LOOO 1981 



♦Projects on hold with t\o definite C9Wplctiou date. 
source: Worldwaic!^ Institute, based on research reports, news article:^, and private communications. 



above the boilkig point of water, some- 
times further pealed by a fossil-fuel-fired 
boikr.^nd tlW conveyed to a heat ex- 
changer where water is turned to steam. 
Since the mid-seventies, this technology 
has benefited from research funded by 
the U.S. Department of Energy. The em- 
phasis haar been on reducing costs and 
boosting the efficiency of small expe^ 
mental systems. Parabolic troughs now 
provide process heat for several Ameri- 
can^ factories'. An estimated half-milliojl 
square feet of troughs have been in- 
stalled in the United States.^<> 
, Researchers working on second- and 
third-generation collefctors have re- 
duced, costs to between $4,000 and 
$4,500 per kilowatt. Though still more 
expensive than conventional generaiing 
technologies, troughs may become an 
economical source of process heat, and 
perhaps electricity, in areas now depen- 
dent on oil Coihpanies in France, the 
United States, and West Germany are 
already trying to commercialize solar 
troughs. The Solar Kinetics Company of 



Irving, Texas, has installed a 00,000- 
square-foot indtistrial process heat sys- 
tem in Ari'/ona. The Roan C(\rpoi^tion 
has signed a contract to build a solar 
trough generator that will feed 15 mega- 
watts of power into the Pacific Gas Sc 
Electric grid/*' 

The most ambitious trough project to 
date .is being constructed in paggett, 
California, by Luz Engineering, an affili- 
ate of an Israeli company. The power 
from the 42-megav/att system will be 
sold to Southern CahCirnia- Edison. 
Mad^ possible by U.^Kc credits and 
specialvfloans from the Israeli and J^P^^ 
nese governments, this $60-miflion 
plant c%id help determine the eco- 
nomic vtljbility of solar troughs.^* - 

Solar dish generating systems present . 
a greater technical challenge than 
troughs by^ are more efficient. Typically^ 
each dish is about 20 feet in diameter, 
an<| its parabolically shaped, mirrored 
surface is desig;ned to track the sun» A 
thermal receiver is mounted ^at the focal 
point of the dish. Efficiencies of over 20 
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percent ami tempciaiuiW of weirovei 
700 degi'cess Fahrenheit liave been 
achieved. Expeirmenial systems cur- 
rentty use a pipe to move a heated fluid 
to a central generator, TUc heaf lost 
from transporting the fluid is substan- 
tial, but it is hoped that eveniuaUy a heat 
engine- can be qttached to each dish. 
Such engines use heat to expand gas in 
a cylinder, thereby driving a piston and 
^ tkix alternator. Although noi yet cominer- 
ciali:^ed, the high efficiency of this tech- 
nology indicates that it is worth pursu- 
ing,'*'' ' 

Parabolic dish systems have been de- 
veloped in Israel ond the United vStatqs, 
Though still small and experimental 
most have worked well Efforts are now 
directed at reducing co,sts, which accord- 
ihg to rese-archirs at the Wei/.maim In- 
sti^te in Israel should reach $200 per 
, square meter. Use of plastic structural 
materials and synthetic reflective materi- 
als such as mylar show considerable 
promise. Large-scale factory manufac- 
turing and site-assembly of the systejms 
can also lower costs, which arc projected 
to fall to between $2,000 and $3,000 per 
kilowattf**^ 

^ The U,S. Department of Energy has 
supported several test facilities, includ- 

- ing a 25-kilowatt dish built in Rancho 
Mirage, California, and two lOO-kilowatt 
multiple-dish systems. In ShTnandoah, ' 
Georgia, 114 parabolic djshes'wiih a ca- 
pacity of 400 kilowatts supply heat and 
power to a knitwear factory. Other, 
smaller systems have been installed in 
Kuwait and ip New vSouth Wales, Aus- 
tralia, Carlo LaPorta of the SolahrEnergy 
Industries Association estima^^s (ha^ - 
over 100,000 square feel of dijh systems 
had been installed in the United States 
by the end of 1983,^^ ^ 

Dwarfing t>ie projects completed thus 
-far is a 700-dish system covering 320,- 
000 square feet that is being built by La 
Jet Energy Company in southern Cali- 

' fornia. It will generate 4.5 megawatts of 

■ "" 
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power to sell to the San Diego Gas and . 
Electric Company. La Jet claims a cost of 
less than $4,000 per kilowatt; competi- ^ 
tive with trough systems. The new facil- * 
' ity is one of Hie lirM laqje solar thermal 
power pix)jects to bts: financed by private 
investprs. albeit with the help of govern- 
ment Uix credits. David Halbert of La Jet 
expects that further cost reductions will 
make it possible to install ^00 megawatts 
of dish systems In the next four years,^« 

Ihe second major way to generate | 
electricity from sunlight is with ,solar 
central receivers, also known As "power 
towers/' A large array of independently 
tracking miuors called heliostals focus 
sunlight on ^ central receiV|r. In most 
systems the receiver is niounted on a 
tower that is 50-^100 meters tall. Steam 
or a hot fluid is piped from the receiver 
to a heat exchanger, turbine, and gener- 
ator located on the ground. Solar central 
receivers concentrate sunlight 200-fold 
or more, yielding temperatures above 
500 degrees Celsius, But efficiencies arc 
only 20-25 percent because heat is lost 
over tl^e substantial distance between 
tlie heliostats and receiver,'*^ ^ 

Solar central receivers have been a 
major focus of government alternative 
energy programs since the mid-seven- 
ties. So far., six plants (listed in Table 
8-5) have been built in as many coun- 
tries, and there are several demonstra- 
tion pr6jects in Kurope. Israeli research- 
ers are planning a 3,000-kilowait central 
receiver to be used in the man^ifacture of 
chemicals. More ambitious even-lhan its 
Mysovoye project, the Soviet Union an- 
nounced in 1983 piaus for a 300,000- 
kilowatt soli^r central receiver backed up * 
by a fossil fuel plant, vScheduled^o be 
built in the southern Soviet republic of 
Uzbekistan, this project would dwarf aU 
cmrent systems. 

The fvrst receivers are expensive. The 
largest, the lO-ynegawatt Solar One in 
southern California, cost the U.S. Gov- 
ernment $140 million and has been the 
1 - 
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target ol critics who question whether 
alternative energy funds would not 
more ellectively spent on conuncrcial|2- s 
ing smaller, simpler technologies. In 
' fact, Solar One did claim, a dispropor- 
tionately^ large share of the govern- , 
mentis solar budget in late seventies. 
The,projea represents 
gineering accomplishm 
are divided as to its p^ential as an eco 
nomical power source.**^ 

Solar One began generating power in 
1982 and ei)tered commercial operation 
in 1984. It has 1,800 heliostats ainl a 
30-story tower. With computer controls 
designed to keep each ti^cking mirror at 
an ideal angle and to monitor and regu- 
' late the generating system, the entire la- 
cili^ean be run by just one person. So 
fai^hc/ulant's performance has met or 
eJf^^ed expectations, with a peak 
power output of over 12,000 kilowatts. 
By drawing on its storage system it has 
operated continuously for 33 hours and 
generated 74,000 kilowatt-hours in a 
day, enough power for 4,000 homes. 

Solar One*s main failing is its cost: 
$14,000 per kilowatt, high even for a 
one-of-a-kind dcmonstratioq project. 
Making the solar central receiver aY> eco- 
nomical power source will require sig- 
nificant advances, many of which are 
now the fociis of engineering research. 
Heliostats are the^dominant expense of 
^a central receiver system, and the tech- 
- nology's potential ' hinges largely on 
whether these costs c^n be substantially 
reduced. One study shows the cost fall- 
ing from $375 per square meter to be- 
tween $100 and $200, but that will only 
occur if heliostats are mass-produced on* 
a scale that is not currently planned,^' 

Several U.S. companies have devel- 
oped more-advanced . central receiver 
designs and are jwfriously considering 
major efforts to commercialize the tech- 
nology. McDonnell Douglas, in partner- 
ship with Southern California E<;lison 
and several other companies, has plans* 



for a lOO-megawatt project called Solar 
100. It would ic:ost $550 million, occupy 
280 hectares (over onesqvfare mile), and 
produce enougli power for 50,000 
lionrtes. Rockwell International, ARCO 
Sol;\r Industries, and Pacific Gas and 
Electric have plans for a 30-megawatt 
system that would circulate molten so- 
.dium for greater efliciency. Both pro- 
jects were put on hold in 1984. however, 
because of difiiculty in attracting inves- 
tors. These very large ancKrisky invest- 
ments are unlikely to be made without 
solar tax credit?, which the U.S. Con- 
gress has so far refused to extend be- 
'^ybnd the end of 1985.'^^ 

Engineering .studies have concluded 
that third-generation central receivers in 
sunny climates'v^iay have costs of be- 
tween $2,500 and $4,000 pei' kilowatt. 
The lower end of this range would make 
the receivers an economically viable 
power source, but such projections are 
^lighly tenuous: They depend on a more 
advanced technology ^that has not yet 
been demonstrated and on the assumpj 
tion that heliostats will soon be mass- 
produced. Both the heliostat production 
facilities and the solar plants themselves 
requir^ investments of hundreds of mil- 
lions of dollars, large sums to devote to 
an uncertain technology and market, 

Even under optimistic assumptions, it 
will be at least a decade before economi- 
cal solar receiver plants can be success- 
fully commercialized. Unlike dishes and 
troughs, receivers make sense only on a 
large scale, which c^reates formidable 
hurdles to their commercialization. One 
iiTiportant advantage that central receiv- 
ers do have is that the systems incorpo- 
rJjte heat storage, so power can be gen- 
erated durirtg the early ^vening hours 
when electricity demand is often highest. 
Most of the early government demon- 
strati^ons of solar receivers have ended, 
and the technology's future is largely in 
the hands of the private market, witli the 
possible assistance of government tax 
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' policies. Solar recciveri; may find a stib- 
standal market after the turn of th<^ cen- 
tury. Or they may turn out to have been 
an expensive wrong turn by government 
solar energ)' researchers. 

Solar ponds, the third approach to 
solar thermal power generation, are the 
simplest technology. In 1902, a Russian 
scientist discovered that naturally salty 
ponds often have rekuively higl^emperv 
atures a meter ornwo below the surface. 
The water in such ponds tends to strat- 
ify, with the relatively dense, salty layers 
near the bottom preventing the natural 
convection that normally would keep the 
pond cool. Han7 Tabor/ known ;rs the 
father of solar energy in Israel, proposed 
in 1954 that artificial salt-gi adient solar 
ponds be built for commercial energy 
productiori. Hot water could be slowly 
drawn from the bottom of ponds and 
used for heating, water desalination, or 
electricity generation,'^;* 

Since the early seventies, researchers 
in Australia, Israel, and the United 
S\ates have conducted research or>,solar 
ip<>nds. By carefully controlling the 
'salinity and by using chemicals to pre- 
vent cloudiness, temperatures above the 
boiling point of water have been at- 
tained. Although solar ponds ar§ rela- 
tively inefficient, capturing only %0-20 
percent of the sunlight striking them, 
they make up for this with their low cost 
and ii^erent storage capability. Solar 
ponds can generate power whenever it is 
most needed, regardless of whether the 
sun is out ^t the time. The engineering 
required is no more complicated than 
for a large plumbing system. 

Many of t^e solar ponds built so far 
are intended to provide heat rather than 
power. This is the most efficient use of 
the technology since the ponds do not 
reach very high temperatures. A 2,00Q- 
sc^uare-meter pond built in 197^ in Mia- 
misburg, Ohio, provides heat for a mu- 
nidpal swimming pool and recreation 
building. And an 800-square-meter 



pond heats a storage building near Flag- 
staff, Arizofia. But these ponds can also 
generate power by cx)nveying the hot 
water' (o a heat <^ngiiie. Although ineffi- 
cient compared with other sol^r-electric 
genc^Valors. solar ponds are also much 
less expensive than the other technolo-^ 
gies discussed hel;e*^^ 



;S^tir ponds can generate power 
whenever it jis most needed, regard- 
less of whether the sun is out at the 
time. 



n^onds c: 



In theory, solai^onds can be built al- 
most anywhere — a n^jk^vjral one has even 
been discovered in Antarctica — but they 
♦ mil be most feasible in aixas with 
unused land,, lots of sunlight, and natu- 
rally occurring saltjakes, marshes, or dry 
lake beds. Expenses can be reduced if 
the pond is on' impermeable ground, 
eliminating the need for, an artificial 
liner. The world s first commercial-size 
solar pond, a 150-kilowatt system, was 
built* in 1979 at Ein Bokek on the shores 
of the salty Dead Sea. Two additional 
ponds twith a capacity of 5,000 kilowatts 
were completed in 1984 that provide 
power for East Jerusalem at 10-1 5> per 
kilowatt-hour. (Again, see Table 8-5.) Is- 
raeli researchers are confident that solar 
ponds are competitive with virtually any 
other powder source in their fossil-fuel- 
short country. -Projects on the drawing 
board could produce as much as 2,000 
megawatts from sotar ponds by the end 
of the century, increasing the cofintry*s 
generating capacity by 75 percent.^^ 

The United States has approximately 
a^dpzen solaV ponds, most of them small, 
experimental projects designed to test 
the technology or to heat greenhouses 
or hog barns. The best natural locations 
are near the Great Salt Lake in Utah and 
he Sakon Sea in California. A study 



funded by (he Depariment of Energy in 
the late seventies found that a^ 600- 
kilowati sohn potid near the Sal ton Sea 
was feasible. Although the U.S. Govern- 
ment has not pursued this, the Israeli 
compan)^ designing the Dead Sea project 
has. begun working on a 48-megawatl 
solar pond near the Salton Sea. South- 
ern California FCdison has agreed to pin - 
chase the power — mainly at times of 
peak demand. I he Israeli company is 

also considering a large project in 
Utah.'^*' 

, Australia has been researching so|jn' 
ponds since the sixties but only has a lew 
small ones in operation. The most nota- 
ble is a 2,(K)0-sc|uare-nieter project near 
Alice Springs, a* remote ar^a where en- 
ergy costs are high. It produces 20 kilo- 
watts of electricUy. Other countries with 
experimental solar ponds include Brazil, 
India, Saudi Arabia, and Turkey. The 
success or failure of the large projects in 
Israel and the United States is likely to 
influertce the speeclv^h which other 
countries proceed. 

A study by Frost &: SuUivan, n coosult- 
ing firm in the United States, projects 
that worldwide solar-pond genf^rating 
capacity >vill reach 400 megawatts in 
«000 and 3,500 megawatts by 2010. 
Even with this rapid growth, ijt is unlikely 
''that solar ponds wmprcn^iae power in 
more than a few locatu)ris by the end of 
the centuryy In most\ areas, low-cost 
land, water, and salt are not available, 
and other solar energy techn61ogies will 
probably be more feasible. 

Solar thermal power lechry:)logies are 
evolving too rapidly to make firm predic- 
tions. Based on the cost estimates noV 
availably it seems likely that some fonn 
of solar Thermal electric generation will 
become common in sunpy regions by the 
end of the century. Frost 8c Sullivan' pro- 
jects that the solar thermal technologies 
other than ponds will provide 1,2D0 
megawatts of power in the year 2000 and 
10,000 megawatts by 2010. But solar 



thermal power plants are land-intensive, 
requiring six to eight atres per mega- 
watt. AlthQugh thi^s*' is only a small con- 
straint in the desert regions where solar 
thermal power is most feasible, these 
systems triso need lots of water, a major 
limitation. Parabolic dishes ahd solar 
ponds appear to have the most promise, 
largely because they arc small technolo- 
gies that can be built rapidly and in 
stages and are alre;iicly being conuner- 
ciali/ed,^*^ ^ 



Alcohol Fuels 

A replacement for the last quantities of 
petroleum that run the world's motor 
vehicles has been one of the^ost elusive 
go<'\ls of researchers and energy plan- 
ners. From oil shale to propane, from 
hydrogen to jojoba oil, the list of alterna- 
tives could fill a chemist's textbook. 
Among the various options, alcohol 
fuels deri\^cd from biological material? 

^ show the most |)romise. Although little 
ethanol (ethyl alcohol) was used as a ftiel 
in 1974, over 70 million barrels were 
burned in automobiles in 1984. And in 
Brazil, e^ianol now accounts for 48 per- 
cent oF automotive fuel consumption. 
Although no other^country comes close 
to this, alcohol-fuel use is growing in at 
least a dozen nations, with everything 

. from corn • ioi sugar beets and cheese 
whey^being us<;d as a feed^?tock. Alcohol 
is likely to play a significant role in pow- 
ering the vtorld's automobiles — wiih 
major implications for national ^H^i'gy 
balances^ employment, income distribu- 
tion,^ and food availability. 

Alcohol actually predates gasoline as 
an automotive fuel. The first internal- 
combustion engine burned pur^ ethrtnol 
and Henry. Ford designed his engines to 
run on either gasoline or ethanol by sim- 
ply adjusting the carburetoi*. In France, 



(190) 



State of the 



gasoline and alcohol were used abmit 
equally at t^e turn of the century. From 
World War I through the thirties, al- 
cohol^owefed, cans were common in 
Au3tralia, Brazil, <Suba, and various 
European countries, thanks in part to 
the influence of farmers who spught to 
assure markets fox iheir crops.^^ 



' In Brazil^ ethaiiol now accounts for 
43 percent of automotive fiuel con- 
sumption. 



Alcohol production is a relatively sim- 
ple process. Sugars are fernieritealustng 
the enzyme* produced by a kind of yeast, 
^ and the result is a combinaOon of 
ethanol, water, and marketable carbon 
* dioxide gas: Sugarcane, sugar beels, and 
sorghum are direct sources^of the neces- 
sary^ugars. Using^-a more complicated 
process, starche5 from corn and other 
•^^ns or from cassava, a root crop,"can 
DC converted to \sugars and then- fer- 
meVifed. 

Ii^ tl|^ hiid^seventies,. Brazil launched 
the worltTs most aifibitious effort to re- 
duce dependence on imported petro- 
leiun. The counti7 is a major sug^r ex- 
porter and ethanol derived from 
sugarcane is viewed as a way tp reduce 
oil imports and prop^p sugar prices, 
both helpful in reducing the country's 
$90«billion foreign debt. Beginning in 
1975 .the Brazilian Government's Proal- 
cool program offered incentives for al- 
cohol-fuel production. Since the country 
had excess distillery capacity and a long 
history of gasohol use. the new fuel 
caught on almost immediately.** 

The Brazilian Government lias gradu- 
ally raised its commitment to alcohol 
fuels, providing low-interest loans, for 
example, to industrialists who build new 
sugar nAlls an^distilleries. By heavily 
taxing gasoline out not eth^nol, the gov- 




f«nment keeps the latter at less than 
11.50 per gallon, compare<l with" $2,40 
^for gasoline. Qver 300 di^l^leries have 
been built and another 100' are lyider 
construction. The progrijm relies largely 
on domestic teclmology and financings 
but loans from abroad, including $250 
million from the World Btank, have pro- 
viflcd support. So far. the government 
has spent $4.5 billion on the Pfoalcool 
prognim.^^ , \ ' 

In»1979 Brazil's automobile manufac- 
tiirers signed an agreement with the gov- 
ernment that required them to build cars 
designed to run on pure alcohol, (Such 
car? are exempt from the country's val- 
ue-added t^.) Almost three quarters of 
the cars^sora in 1983 run on pure alco- 
hol, and iher^ are now over 1,2 million 
- such carjrout of a total fleet of 10 million. 
(See l able 8-t).) The other 9 million au- 
tomobiles u.w a gasohol mixture that is 
23 percent ethanol. ^ 
wiPftizil produced 57 million barrels of 
iM^hol fuel in 1984 — up frbm 2 millioiT 
V|ils in 19!76. (See Table 8-7.) This 
jp^tious program, together with recent 
oil discoveries, has helped Brazil cut its 
oil imports in half since 4978. The coun- 
try plans to triple production of alcohol 
fuel by .1993, which combined with^uc- 
cesses in oil exploration might allow 
Brazil to re^ch its goal of importing no 
oil for cars by the early nineties,** 

No prograni of this size is without 
costs. Competition between food and 

Table 8-6. Brazil: Sales of Gasohol i^pd , 
Alcohol Vehicles, 1980-85 

Year GaSohol Vehicles Alcohol Vehicles 



1980 
1981 
1982 
1983 



775.000 
496,000 
452,000 
212,000 



241,000 
137,000 
234,000 
590,000 



sourck; Howard Gellcr, ^'Ethanol from Sugarc^inc 
in Brazil," In Annual Reviews, h\c\, Annual Review 
ofEnerfnf, Voi W (Pal<f Alto, Calif.: forthcoming). 
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soOrck: Woi[ldw:itch Insiuiitc, based on unpublished < 
DC, 1984. 

fuel .crops is of particular concern since 
sugarcane is being grown on some of the 
country^s richest farmland. A hectare of 
land that feecjs five people if u5ed for rice 

'Cultivation yidds only enough sugarcane 
to mn one automobile. Attempts are 
being made to encourage the planting of 
sugarcane on marginal land, but 
whether they will be effective given the 
l^oHtical power of wealthy sugar growers 
is uncertain. The acreage devoted to 
subsidized export crops — soybeans used 
as live5to(;k feed in Europe as well as 
sugar — is glowing rapidly.. Brazil is los- 
ing the small farms that supply local veg- 
etable and dairy markets. Many of these 
farmers are being forced to move to the 
marginal soils of the newly cleared Ama- 

^zon Basin. Br^zjl has millions of poor 
people with HtUe chance of competing 
with subsidized crops, in their daily 
struggle for food. The resulting 
inequalities and hardship could well out- 
weigh the economic benefits of the alco- 
hol program/* ^ 

A barrel of gasoline refined domesti- 
cally from imported crude oil costs 
about $4 1 in Brazil, whereas alcohol 
costs $50-55*per barrel. Only a compli- 
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Icatcd array- of government subsidies 
^ads motorists to fill up with ethanoK 
i;t an analysis by Howard Geller of the 
Aiii^rican.--fkrtincil for an Energy- 
Efficient Economy shpws that the extra 
interest payments on the countj^y's debt 
that result from importing petroleum in 
effect cancel out oil's cost advantage. 
And Geller. believes that the cost of pro- 
ducing ethanol is no higher than that of 
dornestic oil exploration, extraction, and 
refining. Moreover, the ^Icohol-fuel pro- 
grain'^haij ^ie important secondai7 eflfect 
of stimulating industrial development* 
Sugarcane cultivation and alcohol pro- 
duction are labor-intensive, and about a 
half-million new full-time jobs have been 
created. 

In recent years smaller alcohol-fuel 
programs have sprung up around the 
world, roughly tracing the tropical sug- 
arcane belt* Latin American countries 
with programs that should be able to 
produce aizable quantities in the ftiture 
include Costa Rica, Cuba, Mexico, 
Nicaragiia> Paraguay^ and several Carib- ^ 
bean islands. Cuba is the leading pro- 
ducer outside Brazil, with the capacity 
to produce over three million barrels 
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of cthanol each year.^^ % 

^Zimbabwe is another^ major sugar 
g('Ower that lias begiu\ usixjg some of its 
cane for alcohol production. One (iicility 
l^w produces. 200,000 barrels per year 
y — not much by world standards, but 
enough to supply* 12-15 percent of the 
country's automotive fuel and reduce 
the oil import bill. Additional plants are 
being boHt, Kenya also has a cane-bascd 
alcohoMuel plant that' uses a Brazilian 
"(Jpsigii and was financed by European 
aid agencies. The Mehta plant produces 
138,000 barrels of alcohol per year, but 
because it is expensive and unreliable, 
the governonent has delayed plans for 
additional plants. The World Bank is 
funding an alcohol-fuel facility in Mali 
and considering one in Zambiai Major 
reliance on alcohol fuels in Afi ica is not 
likely in the near fiuure, however. The 
continent's massivb food deficits and 
economic problems make it doubtful 
that land and financial resources should 
be devoted* to fuel production. 

Several Asian "countries — including 
China, India, Indonesia, and Malaysia — 
have substantial sugarcane crops that 
could be distilled into alcohol fuel. In- 
donesia has two small operating plants,, 
and the Philippines and Sri Umka are 
producjjig limited amounts of fuel in 
pilot facilities. Although alcohol-fuel u.se 
is likely to expand somewhat in develop- 
ing countries, manj^ once-ambitious pro- 
grams have been put on hold in the past 
few years due to financial diffitulties. 
'Major efforts to imitate the Brazilian 
program \yould be difficult and possibly 
counterproductive. Most countries lack 
siifficient fertile l^nd to expand cane 
production greatly without cuUing into 
food Siipplies. Efforts to cultivate cas- 
sava and other tropical plantS/which can 
be grown by small holders on marginal 
lands, are essential if alcohol fuel is to 
make a significant contribution in most 
of the Third World.^o 
Alcohol-fuel programs in temperate - 
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Countries are of nece.ssiiy far different 
* from those in the tropics. Because sugar- 
cane cannot be grown there, other feed- 
stocks and production processes must be 
used. To date, common grain crops l^we 
been the most popular tempei^tc-zope 
feedstocks. Ninety-five percent of U.S. 
alcohol fuel comes from tx>rn. for exam- 
pie. and the rest froiji a mixture c>f 
wheat, barley, other grains, and agricul 
tural 4vastes. The carbohydrate or starch 
from the grains is heated until it breaks 
down into .simpler sugars. Research into 
^ !nore-efficicnt and cheaper ways to pro- 
duccytthanol are being undertaken in 
maj<*r grain-prodticing countries such as 
Argentlma, Australia, and France.^* 

In the IJniied States, the use of alcohbl 
fuel has grown rapidly since the first gov- 
ernment incentives were enacted in 
1979. Oasohol Us now exempt from the 
5<i'-per-gallon federal gasoline tax an^ 
from similar levies in ^ver 30 states, Iji 
addition, the U,S. Department df Energy 
and several state Departments of Energy 
and Agriculture have loan guarantee and 
cost-sharing progra^iis to encoufage the 
building of alcohol-production facilities. 
Ba^^d on average corn prices sind the 
sale of the residues for livestock feed, 
ethanol is now prodticed at a wholesale 
cost of $1.30 per gallon, compared with 
94^2' *per g-allon for high-octane unleaded 
gasoline7^ ^ \ 

Ethanol production in me United 
States rose from 900,000 barrels in 1980 
t6 10 million in 1984. (See Table 8-8,) * 
Although the goal set by Congress of 48 
million barrels by 198v5 will not be met, 
production has increased more than 
fivefold since^ 198 1 . Today approxi- 
mately 5 percent of the *'gasoline" spld 
in the country is acttially a I-i*Jl0 
ethanol-gasoline blend. In Indiana and 
some other farm states, an estimated one 
third 6f the fuel sold is part alcohol. 
Whereas in 1980 the "gasohoF' label 
was proudly displayed as a show of inde- 
pendence from imported oil, most gaso- 
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hoi is now marketed as a higb-octane un- 
' leaded fttel that improves engine per- 
formance. Demand has ouislrippe)! sup- 
ply, and ethanol imported trom Bi^zil 
serves 15 percent of the American mar-/ 
ket despite steep import cluties-^ 
60$^ per gallon. 

By mid- 1984 there were about 150 
major ethanol plants in operation, many 
smaller on-.farm plants, and dozens of 
others being planned or built, Dominai-. 
Ing the industry is Archer-Daniels "Mid- 
land» one of the world's largest grain 
companies, but many small <^re- 
preneurial firms are entering the busi- 
ness* One is the Ultrasystems Company, 
which is building tjie Dawn-Knterprises 
alcohol plant in North Dakota, sched- 
uled for completion in 1985, Located in 
a rich barley-growing region close to 
abundant supplies of cheapo Ugnite coal, 
the plant is designed to minimi/.e the two 
dominant costs of alcohol production — 
feeditpck and fuel. The facility will pro- 
duce 74 ,000 barrels of alcohol each year 
as well as distiHl?rs* grain to be sold to 
livestock operations and carbon dioxide' 
to the carbonated beverage industi^y, A 
smaller^ S^OOO-bai'rel plant in Califor- 
nia's Central Valley uses waste from a 
cheese factory to produce ethanol and 
animal feed. Another in Vermont uses 



Table 8-8. United States^ Production of 
Alcohol fticl From Corn, 1980-84 

Alcohol 







Area 


Fuel 


Year 


Corn Used 


in Corn 


Produced 




{million 
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1980 < 
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, 57 


0.9 


1981 


35 


134 


1.8 


1982 


80 


306 


5.0 


1983 


135 


518 


8.9 


1984 


160 


615 


10.0 



souRCCs: WorldWatch Institute C9||iinatcs based on 
unpublished data from U.S. Department of Agrt- 
culutre. 



corn as feedstock and wood pellets as 
fuel to produce alcohol for upstate New 
York fuel blenders, 

''The prospects for alcohbl fuel§ wtre 
enhanced in 19^4* when the U.S, Envi- 
lonmental * Protection Agency (EPA) 
proposed the virtual elimfttation of lead 
from gasoline by 1986. Lead h^*s*been a 
con^mon additive for decades lj;)ecause if 
inexpensively raises octane and makes 
gasoline burn more evenly in high-com- 
pression engines. Although American 
caVs have been designed to run on un« 
leaded' fuel since the' mid-seventies, 
many motorists have dismantled their 
cars* anti-pollution devices and continue 
to purchase leaded ga«. EPA has decided 
that a further crackdown is ess<-'n^i<^l in 
order to protect public health. StCN^j^s 
show that ethanol added at the refinery 
is not only the cheapest alternative 
m<?ans ^f boosting octane, it is a way to 
raise the overall efficiency of the reft- 
nciy. It is diHlcult to know how the refin- 
ing industi7 will respond to the new 
standaixls, but demand for ethanol' will 
probably rise and bid up prices,* leading 
to new distillery construction. A Wash- 
ington, D,C,, consulting firm projects* 
that annual ethanol use vyill reach 120 
million barrels by the riineties, over 10 
times the 1984 level! Ffalf of U.S. au^ 
tomobile^ could be running on alcohol 
blendsj^ 

The U.S. alcohol-fuel industry ^has ^ 
been criticised on a variety ^of grounds, 
including its net energy efficiency and its 
^impact on wcnjd food prices. Histori- 
cally, distiWenes have relied on natural 
gas as a fuVl/Combining this energy re- 
quirement with the fuel used to cultivate - 
corn led some analysts to conclude that 
the ethanol energy^yield is less than the 
energy input. An authoritative 1982 U.S. 
Department of Agriculture study largely 
laid these fears to rest* however* by 
showing a net energy yield of 1 .5 to 1 for 
recently completed ethanol plants using 
modern technology. Moreover, most of 
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these new facilities arflr fueled by Coal» 
lignite, or wood — less-valuablc iiiels 
th^n the ethanol thjit is4)roduced, ^t 
current fuel prices there ij ample iucch-^ 

^ tive to maxinuze the energy yield J®* \ 
As, in Brazil, the farm sector in the 
United vStates is a strong proponent of 

^ alqohol fuels, Viewing them as a way of 
boosting demand for corn and other 
grains and thus keeping priced high. The 

. alcohol produced in 1984 inquired 
about 160 fnillion bushels of corn — 2 
percent of the countr)''s crop. Although 
not enough to aflfect food prices signihr 
canlly. that will not b^ true for long 
given the rate of expansion. Major U.S, 
reliance on alcohol fuel derived from 
food grains would almost certainly have 

I an impact on the \/orld grain market, in 
which the United States is the dominant 
exporter. Diverting tlie entire U<S. com 
crop (30 percent of the wofld total) to 
alcohol production would fuel just one 
fourth of the nation's cars. Heavy reli- 
ance on alcohol fuel will only be possible 
if much of the feed value of the crops can 
be retained in the residue left after alco- 
hol productio,n and if new crops and ag- 
ricultural wastes are able to play an im- 
portant role.'^'' ^ 



Miy^or U.S* reliance on alcohol fuel 
derived from food grains would al- 
most certainly have an impact on 
the world grain market. ' 

^ > — ^ • ~ 

A study by the Center for the Biology 
of Natural Systems concludes fhat a shift 
from the corn-soybean crop rnix now 
typical in the U.S. Midwest to a corn- 
sugar beet mix would allow farmers to 
produce^ as much *high-protein ailiimal 
feed as before and also provide feed- 
stock for alcohol production. The Cen- 
ter estimates that if this scheme were 
adopted throughout the Midwest, the 



yield in 1995 would be 70D million bar- 
rels of ^thahol, which is a quarter of cur- , 
rent annual gasoline use.^^ Although it is 
dpubtful that land and water resourcCxS • 
are sufficient to ;illow such a drastic ^ift, 
rising petroleum costs should quite nat^ 
urally lead to efforts to maximize the en- 
ergy as well as the food yield of the 
workrs cropland, 

' Researchers have only begun to ex- . 
plorc- the potentialt of currently un- 
derused crops as feedstocks, but many 
appear toi have highel alcohol yields ^ 
than those now used. The jerusa^lem arti- 
choke is one promising pos'Sibility, This ♦ 
perennial grows in a- wide range of soils 
and climptes and produces siigars that 
can be used directly for alcohol produc- 
tion. It yields llmost twice as m0<sji alco- 
hol per hectare as corn, but because the 
Jerusalem artichoke has been of ljittlc ' 
commercial importance in the past; it . 
Will take time for it to be widely cul- 
tivated. Sweet sorghum and sudan 
grasses are temperate-zone crops that 
prodijice sugars that can be used for alco- 
liol production. Potatoes are prolific 
producers of carbohydrates and could 
become a fuel crop. And renewed inter- 
est in alcohol fuel coincides , with , the 
emergence of biotechnology, which may 
help develop new crop varieties more 
i^uited to alcohol productions^ 

Wood, grasses, and other cellulose- 
based materials art abundant and tart be 
grown on much less fertile or well- 
watered land than most food crops. Cel- 
lulose, like carbohydrates, can be broken * 
down' into simple sugars for distillation 
into ethanol, but thecellulosic bonds are 
far stronger and cannot be dissolved by 
simple heating. Acid hydrolysis and en- 
zymatic hydrolysis are the two chemical 
processes that researchers believe' have 
the most promise as cellulose convert- 
ers> and each is being investigated. The 
Soviet Union has 40 acid hydrolysis 
plants using wood feedst^ock, and Brazil 
is applying the same technology to con- 
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vcri eucalyptus wood int<j Hgnin — useH 
for coke production — and, sugars. Other 
countricjs conducting resoarch on this 
Upproacn include France, Japan, New 
Zealand, and the United States. Etf- * 
zym^c hydrolysis, a biocheinical pro- 
cess; is- more problematic; it is being re- 
searched extensivdy in the United States 
and Canada and may soon be pilot- 
tested.»<> 

^ Also important is finding ways to pro- 
duce alcohol fuel using waste materials. 
Farm.i, food pi'X>cessohs, and nifinicipgl 
dumps are good feedstock sources, but 
finding the right nraterials and sepanu- 
ing them fjronl other wastes is often diffi- 
cult. In the past several years small U.S. 
distilleries have be^n set up using al- 
mond hulls, cheese wh^y> spoiled food, 
and evejp discai*ded jelly beans. Another 
javemie worth pursuing is the production 
of ethanol from algae, a one-celled 
aquatic organism. Several biotechnology 
companies WQrking on new algae strains 
and production techniques claim to be 
near co^[nmercialization. In one interest- 
ing dovetailing of renewable technolo- 
gies, a California firm plans to use waste 
heat from a soldr electric generator to 
warm its algae distillery.^* 

Another alcohol — methanol — can be 
produced >from wood and other eel- 
liilosic .materials and appears to have 
substantial potential as an automotive 
fuel. Engines must be ^substantially 
modified tfc> use this fuel, since it cor- 
rodes somfe materials, but in the right 
cars, metl^nol is clean-burning and effi- 
cient. Though possessing only about 
-half the .<*ncrgy value of gasoline, me- 
thanol's high oxygen content allows it to 
be burtifed more efficiently. Methanol 
can also be produced from natural gas 
ancl co<il, making it .perhaps the most 
versatile liauid fbel being ejcamined.^' 

Methanol is produced, by gasifying 
dried wood and then converting nnlVr- 
thancf to methanol using a catalyst. This 
is a well-established technology, and the 



U.S. Offiee of Technology. Assessmcnl 
estimates that wood costing $30 anon 
can be converted to methanol for $1.10 
a gjiUon. Given the fueFs low energy 
content* this is far too expensive to make 
it coni|)etitive, but researchers in BtaziK 
Canada, France, New Zealand, Nomay, 
the Philippines, and elsewhere are Work- 
ing to lower production costs. Scientists 
at the U.S. Solar F.nerg)'<Rc*>>carch Insti- 
tute have developed a gasifier that can 
double the'meihanol yield from "wood> 
and Bi^/ilian researchers report similar 
results. These more advanced processes 
\iave not yet been proved in commercial- 
sl/.ed plants. 

Some limiied use of methanol ][liel has 
begun. About 100 million gallons are 
used in \J,S. autbmobiles^cach year. The 
ARCO Oil Compatiy sells a blended gas- 
oline with 5 percent mejl^anol. The fuel 
has a high octane value (|^ut some people 
say their cars do not run well on it. In the 
long ruuj engine mociificattons will be 
required \o' allow automobiles to run on 
fuel containing more than 10 percent 
met^ianol.^^ 

The CalifdKnia Energy Commission, 
in conjunction with the Ford Motor 
(Company, has developed a fleet of 50() 
methanol-fueled cars that are used by 6 
state agencies and 15 local governments. 
The autos have performed well so far, 
and testing by the Environmental Pro- 
tection Agency shows impressiv<^ly low 
emissions of nitrogen oxides and hydro- 
carbons. Engines running on this fuel do 
eJnit formald^ehyde and unburned me-^ 
thanol/but not in quantities that appear 
to present health hazards, Brazil and 
Norway have also successfully tested me-r 
lhanoUfueled automobiles. But none of 
these cars has yet been optimized for 
methanol use^ and researchers believe 
that improvements in fuel efficiency and 
pollutant reductior)s are possible. The 
U.S. Solar Energy Research Institute has 
developed an engine that converts me- 
thanol to hydrogen and carbon monox- 
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ide before burning it. giving an cfficieVicy . 
of 30 miles per gallon— close to the fuel 
economy of gasoline despite methig\oi*S 
lower energy content.®^ 

Methanol's advantages make it a HMy 
automotive fuel in many parts <?i' the 
world, but its future as a *Venewablc*^ ^ 
fuel is move dubious. Fol* the foresee- 
able future It ajVpcars that naivuai g^\s 
and cbal will be less expensive methanol 
feedstocks than wood andotncr biomass , 
materials. For many oil-producing coun- 
tries that are currently flaring or rein- 
, jecting large quantities of natural gas for 
which they have no markets, the export 
of methanol fuel would be logical. And 
methanol, may be the most economical 
synthetic fuel for countries with vast coal 
resei-ves. Only those that lack inexpen- 
sive coal and natural gas are likely to 
turn to biomass for methanol produc- 
tion» 

Alcohol-fuel use will probably grow 
substantially. For the United States 
alone^tolin A. Houston & Associates of 
New Jersey forecasts a fivefold increase 
by 1995. wilh ethanol use going from 2 
billion to 9 billion gallons and methanol 
from 0.2 billion to 1.8 bilHon gallons. 
These projections can be considered 
conservative, particularly in light of tax 
incentives and more-stringent lead stan- 
dards for gasoline. , 

But '^alcohol fuels will by no means 
solve the world's liquid .fuel problems* 
Cars currently burn about 20 million 
barrels of gasoline each day; making a 
large dent in that figure will not be easy. 
Improved automobile fuel efficiency is 
without doubi the most economical way 
to reduce gasoline consumption. Brazil, 
for example, could now almost eliminate 
gasoline use irt automobile^ by doubling 
the efficiency j^f its cars — at a far lower 
cost than it would take; to double al- 
cohol-Tuel production. In the long run, a 
sustainable transport system will involve^ 
a combination of more-efficient auto- 
mobiles, imprpvcd public transport- 
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ation, ^nd greater reliance wron renew-/' 
able fuels.- ' ^ 

Other Renewable Energy 
Highlights . - 

The acx;eleraied development olVenpv- 
able energy sourc^ehtered its second 
decade in 1,984. Cl^rnment support of 
ren^va^ble eneJ^g>' hal^ie^eled off in most ^ 
countrife$/f bvtt llie su%e in private in- 
yestmeiit described in Stat^ of the World- 
79^7 conkiyrues. Commetx:ial develop-^ 
inent o( \\'\t}6 power ^nd wood-fir^d 
power plat)b in particular is far exceed- 
ing earlier <?^ec(.ations. It is important 
to look beyond the four technologies 
discussed in detail in iKis chapter in 
order to grasp renewable energy's grow- 
ing contribution. 

Worldwide geothermal generating ca- 
pacity reached approxi^trtately 3.40,Q 
megawatts at the beginning pf 1984, up 
more dian 20 percent frdm a^e^^r ear- 
lier. The United States contiriu<^5 to us^ 
the m#st geothermal enet;gy, largpely i^t 
the 1.300-megawatt Geysers projecj: :in, 
northern California. In the Philippin<?$, / 
geothermal generating capacity ha^ • 
passed 800 n\^gawatl^ and is scheduled 
to reach L7o6 megawatts by the end^of 
1985 — meeting 18 percent of the coun- 
* try's electricity needs. In Mexico, geo- 
thennal capacity expanded in 1984 from 
205 megawattsno 645 megawatts. Ac- 
cording to geothermal analyst^ Ronald 
DiPippo of Southeastern Massachusetts 
University, worldwide geotheitrtal ca- 
pacity will reach 5,800 megawatts by the 
end of 1985, and vyill exceed 10,000 
megawatts before 1990. In some areas, 
such as Central America aiid Indonesia, 
geothermal resources will be a principal 
source of energy.®^ 
The use^of wood fuel and other bio- 



mass by indu^iiry, electric utilities, and 
district heati<Tg systems has cxp<^ndcd 
dramadc^ily in the past lew years. In the , 
United States alone; over 100 biomass- 
fueled* power projects have b<^n started 
since 1981, representing a generating 
capacity of 1,800 megawatts. The proj- 
4icts are spread throughout the country. 
Although wood fuel has long been an 
important energy ^source for ^he forest 
products industry, most of the recent 
projects- wei't undertal(:en by tndepen- 
deni, energy producers? I he Ptiilippines 
has built 17 wood-fired power plants and 
plans lo have 60 by 1990. Meanwhile", 
Sweden plans to us^ wood fuel for dis- 
trict heatihg in many of its cities. Munici- 
pal, industrial/ and agricultui^al wastes 
are also serving as feedstocks for at leijist" 
a score of recently begun small genera- 
ting plants in the United States. 

Solar electric generation using photo- 
voltaics continuesT to advance, though 
not at the same pace as a few years ago. 
The manufacture of solar cells grew 
about 20 percent it> 1984, reaching 26 
iiiegawatts of peak-power capacity. 
Large generating plants continue to be 
installed and are the most dynamic as- 
pect of photovoltaics development. The 
Sacramento Municipal Utility District in 
California has completed the first mega- 
watt of an eventual lOO-megawatt photo- 
voltaic siystem. ARCO Solar has finished 
a 6.5-megawatf' project, currently the 
world's largest, thai provides enough 
power for 2,000 homes. The United En- 
ergy CorporatiQn will complete two 8- 
megawatt photovoltaic project^ in Gali^ 
fomia in 1985, and Austin, Texas, will 
build a 300-kilowatt, generator, the first 
to be financed by a utility.^^ 

The U»S. photovoltaics industry is still 
weak financially. Earnings do not cover 
research and development budgets, and 
most companies lose money— an es- 
timated $50 million industry-wide in 
1983. Faced with limited sales growth 
and the prospect of soon losing solar tax 
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credits, many companies retrenched in 
1984, The two latgest Companies, 
ARCO Solar and Solarex, laid off 70 and 
140 workers, respectively, trimming 
t1\eir marketing eflbrts more titan their 
1^:M) programs, l,he.}apanese photovol- 
taics industry, in contrast, has shown re- 
markable strength .and appears ready to 
surpass the Americarpfindustry within a 
few year}^. The Kyoccra Company has set 
up officefi and assenibly facilities on the 
U.S. West Coast, part pf an aggressive 
marketing efloi I'hc Hoxan Company 
is building a 9-megawatt ma\iufacturiug 
plant — the \yorld\s largest— and plans to 
sell the resulting modules at about half 
the current price, 

Wi^id l^ower is perhaps the world's 
mo.st rapidly developing new energy 
source, and growth is centered in Cali- 
forni;i, The^ state's wind faVm boom con- 
tinued strongly in 1984. jwith close to 
4,700 new turbines installed. Fhis 
brought the total capacity to 609 mega- 
watts almost triple the figure at the end 
of mS. (See Table 8 9.) Wiijid farms 
provided California utilities with $20- 
milKon worth of electricity in 1984 — 
enortgh for 40,000 ,homes. t otal invest- 
ment in this field amounted to almos! 
$700 million.^* 

The first wind farms have been 
plagued by frequent mechanical failures, 
leaving large numbers of machines idle 
in windy weather. But most wind farmers 
appeared l,o be putMng these problems 
behind them in 1984, as redesigned and 
rebuilt wind machines were installed and 
operated more reliably. The economic 
of wind power are also improving. The 
cost per kilowatt has fallen by almost half 
in the past three yea^s and is now less 
than $ 1 »900 per kilowatt. Although wind 
farms still depend ;0n tax credits, they 
are likely to be economical without this 
support within a few years, 

T^/e California Energy Commission 
estimates that the good wind sites in tlie 
state can harness up to 13,000 mega- 
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T«ble 8 9. Catifomia: Wind Farms, 1981-84 







Capacity 


Avcralje ' 


Average 


T^ower 


Year > 


• Installed 


Installed j 




Cost 






(number) . 


(megawatts) 


(l^ilowaltj^) 


(doUafs per 


(million kilowatt 










kilowatt) 


^ours) ^ 


1981 


144 


■ 7 


49 


3,100 


1 


1982 


• 1.145 ^ 


64 


56 


2J75 ^ 




1983 


2.493 


17\ 


60 ^ 


1,960 


74 


1984^ 


4.687 ,' 




^ 78 


1,870 . 


250 


Total 


8,469 


■ .609 

1 ii' 


72 . 




•330 ' 



^Mosi wind machines arc in5tancdin ihc Insi half of a given year and do not produce !t\ib$tantial power 
uiuil the next year, 'Preh^ninary C5iimaie. ^ 

source: Mike^Baiham. CaUfornia E^>ergy Commission, private com)nunication. December II, 1084, 



watts of power. IfaiU this land were de- 
veloped, the state would get roughly 
twice a^ much energ)' from the wind as 
f\ron\ nuclear power. Wind farins will 
also have an effect ^on land use. Primlc 
sites in S^xx Gorgonio Pass produce be- 
tween $12,000 and 115.000 of electricity 
per acre irt addition to the $20-30 the 
land earns for cattle grazing, (Prime 
midwestern farmland planted in corn, by,, 
comparison, yields up to $400 per acre 
per year,)^^ 

Although over 90 percent of the U.S, 
v(ind farms are in California^ the tech- 
nology is spreading rapidly. Commercial 
farms have been installed in Hawaii, 
Montana. New York, and Oregoru^lnter- 
nationally. Denmark, the Netherlands, 
and Sweden are now planning wind 
farms, ajid several other countries have 
major research programs. Wind farms 
are also being considered in some deveU 
oping countries, particularly islands and 
coastal areas in the trade wind belt. 
Some developers see California as little 
more than a proving ground before they 
tap the Third Wofld market,^^ 

Renewable energy sources are ex- 
panding far faster than most energy 
policymakers rfcfilize. In the United 
States, for example, renewable energy 
growth has outpaced that of conven- 



tional sources since 1979 and has 
reached about 10 percent of the national 
energy budget. jNuclear power, in con- 
tras^, provide5^5 percent. Yet the U.S. 
Department of Energy ignores or un- 
derestimates renewable enerjjy in most 
of its statistical reports. 



Prime sites produce between $12,- 
000 and $15,000 otelectricity per 
acrf in addition to i% $20-S0 the 
land earns for cattle grazing* 



Most striking is the growing contribu- 
tion of renewable energy '(o electricity 
generation in the United States. Exclud- 
ing large hydropowcr, almost 5,000- 
megawatts worth of renewable electric- 
ity projects have been staried since 
1980, while coal and nuclear plant can- 
cellations outstripped new orders by a 
substantifirl margih. California, where 
most of the new projects ar<!,!^jt)ncen- 
trated, h likely to get one quarmr.of its 
el^ttkity from renewable* within five 
years.^^ 

If there is one lesson to emerge frohn 
a decade of dfcvelopmeht, it is that 
efforts to make long-range forecasts 
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about such rapidly evolving techaolo- ' 
^ gies are pointless. Solar central receivers 
have languished despite hundred-mil- 
lion-dollar development programs and 
thc*5est efforts of engineers. Wind farms 
relying on small wmd machines have 
suipassed the projections of'all plan- 
ners, as has the use of wood fuel. Per- 
haps the best thing that government 
planners could do would, be lo stop try- 
ing to pick me most jSrbmising new en- 



ergy teshnolpgies in advance aiitel in- 
ste|id create a level playinl^ field on 
wHicn renewable and conventional 
sources Van compete economically* Al- 
though the exact pattern of future devel- 
opment is unclear, improved efficiency 
^nd renewable enitrgy appear ready t<4 
form the foundation of* a mo^re sustain- 
able and less environmentally disruptive 
energy system at the turn of (he centuiy. 
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world of the mid-eighties is a world 
of stark demographic contrasts. Varia- 
tions in fertility among countries have 
never been wider. Some populations 
change little in size from year to year or 
decline slightly while others are ex- 
periencing the fastest growth ever re- 
corded* The populations of West Ger- 
many and Hungary are slowly declining 
in size, for example* while those of 
Kenya and Syria are doubling in less 
than 20 years^' 

These disparities are placing great 
stress oh the mte^nationa] economic sys- 
tem and on natfonal political strijctures. 
Runaway population growth is indirectly 
fueling the debt crisis by increasing the 
need tor imported food and other basic 
commodities. Low-fertility countries are 
food aid donors; high-fertility countries, 
the recipients* ISiations with low fertility 
are invariably the lenders; tho^e with 
high > fertility, the bonowefs* In most 
countries with high fertility, food pro-, 
duction per person is either stagnant or 
declining. ' 

Population policy is moving to the top 



of agendas of national governments and 
international development agencies. In 
the President'sJorcword to the World De- 
velopment Report 1984, the first of the 
World Bank's annual reports to high- 
light this issue, A< W, Clauseh observes 
that **p6pulation^'owth does not pro- 
vide the drama of l^anciaL crisis or polit- 
ical upheaval but its significance for 
shaping the world of our children and 
grandchildren is at least as f^eat/'* 



From Bucharest t< 
Mexico City 

In the late summer of 1984, world atten- 
tion focused on this pressing problem as 
the U,N, International CpnfeMi^ on 
Popiilation convened in MexifcTCity, 
The occasion was the tenth antljiversary 
of the U»N/s first World Population 
Conference, which had been held in Bu- 
charest. The official purpose of the Mex- 
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ico City Conference, in which M9 co\jin-^..,.,^drolo 
tries participatej^h^as^tOLj^ 
worl<popiilation plan l)f act ioii^dopted in |9| 
2U<^charest. The comrasc in the moods 
^of die two gatherings could not 'tiave 
^ een greater. 

In Buchftre5t' there l\ad beelV a wide 
political schism betweeW the repnrsenta- 
tives of indu&tlia| countries, who SiJshed 
for an increase Sn Third World Vmily 
planning efforts; and those from citvel- 
oping cQuntries, whose leaders arAied 
that social i^nd econonvit progress was 
the key- td slowing population growth. 
The debate ivad been sustained and 
sometimes vitriolic. ^'Development is (he 
b^^st contracepliveV became die rallying 
cry of many Third World representa- 
tives* 

In Mexico City (his division had virtu- 
ally disappeared and the mood was 
niuch more r>omber. The Mexican capi- 
tal itself was an all-t(>o-graphic reminder 
of the consciences of failing to stem 
population growth. 1 he influ?t of rural 
jobless in search of work had pushed the 
city's population to the bursting pointA 
Crowded, congested, and polluted, the 
city prpvid/d visible daily evidence of 
population stresses. A new tone of ur- 
gency could be heard in Mexico City. No 
long^er was it a matter of whether there 
was a ncted to slow population growth. 
The question was how: Which con- 
traceptives were most effective and how 
tould they be delivered to people who 
needed them? And further, how can 
smaller families be encouraged? 

Many things have happened since Bu- 
charest to foster this change in attitude. 
The costly consequences of continuing 
rapid population growth * that' had 
seemed so theoretical in the 1974 debate 
were becoming increasingly real for 
many. Few developing countries ^t the 
Mexico City gathering were not ex- 
periencing a deterioration of their for- 
ests, their soils, ancf their grasslands, as 
well as a wholesale alteration of their hy- 
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les< In "most ^ases food 
arger than tliey<+iad been 
theV^N/s World Fpod 
ence. held in Ri^nc in 1974 on 
S of (he p<ipulation meeting, 
TWrd World was having 
' expanding food p/odu<;pon 
fasf ' enough iq^ improve diets. More * 
countries were facing famine in 1984 
than 10 years ejirlicr. 

In Afi ica there had* bee^l^ a marked 
change, in attitudes toward family plan- 
ning, much ^f it Occurring in the early 
eighties. The Trighiening arithmetic 
of population growth became aVIich^ in 
African capitals. It was :in (he nntit^l 
economic planning commissions tly it 
the population threat surfaced:^nos( 
clearly. For many planners struggling (o 
improve living conditions, keeping up 
with record rates jof population growth 
was a losing battle. Falling per capita 
food production %vas now the rule. no( 
the exception. - 

The notion that development would 
lower fertility in developing countries, as 
it had in the industrial ones, was of Uttle 
comfort to most Third World leaders. 
Economic and social grains brought pop- 
ulation growth t^o a near standstill over 
tj^ centuries in Kurope. but no country 
there ever faced population increases of 
3 percent per year, which yields a twen- 
tyfold increase per century. It was now 
clear to many in the developing world 
that they had perhaps two generations to 
halt population growth. And tha^j^ one 
generation had already passed. \ 

The economic development that was 
supposed to serve as a contraceptive was 
not occurring as projected. Incomes 
were falling in most of Africa and Latin 
America during the eighties. In their 
efforts to maintain the economic growth 
of the pre-1973 period, scores of Third 
World countries went deeply into debt. 
For most it was a tragic mistake. Several, 
including Nigeria. Pet\i, and the Philip- 
pines, found that over half tl^eir export 



ERLC 



2.16 



(202) State of the I 

earnings disappeared to sei^ice their 
outstanding loan^, *And. the social ini-'^'^ 
proveinents that were to drive the demo- 
graphic transitioVi had been replaced by * 
social disintegration in several coun- 
tries. For national del^ations in Mexico 
City who were faced with, debt-induced 
domestic austerity programs, the slogait-' 
^^development is the best contraceptive" 
had a hollow l iirg indeed. 



Third World leaders are now 
speaking out on the urgency of 
slowing population growth. 



Another source- ol the changed atti- 
tudes about ' coiUiolRng population 
gi^wth was^^e receiu intioduction ol 
active government programs to do so. At 
the time of Bucharest, several develop- 
ing countries had adopted the two-child 
family as a desirable social goal. But the 
notion of a one-child family as a serious 
national aim had not yet surfaced. Mid- 
way between the two conferences, China 
bec^ime the first countn^ to adopt such a 
program. For the Chines^, it was not 
merely a slogan but the centerpiece of a 
nationwide effort replete with incentives 
atid disincentives^^ 

During the intei iin between Bucharest 
and Mexico City, the Woi ld Fertility Sur- 
vey was alsj^krgely completed* I'he 
largest sociillBPrence i^search project 
ever undertaken, it analyzed in great de- 
tail the' attitudes toward childbearing 
and family size and identified a substan- 
tial unmet demand for family planning 
services. It also looked at the many eco- 
nomic and social influences on ferti'lity, 
considered the role of social gains in re- 
ducing family size,. and concluded tinat 
improved education and employment 
opportunities for women correlated 
more closely with fertility decline than 
any other social indicator, l^he study 



also indirectly emphasized the difficulty 
of quickly slowing population growth by 
relying solely on basic economic and so- 
cial changes.** 

Awareness that rapid population 
growth is a threat to improvements iii- 
the IftTinan condition is now widespread. 
At Mexico City, at times the only dissent- 
ing voicc^ was that of the United States. 
Speaking from a position paper that was 
more ideological timn analytical in con- 
tent, members of the U.S. delegation ar- 
gued that population growth was a neu- 
tral phenomenon and that the k<*y to 
slow^ing^ the growth \n numbers was 
dei egulation and the unleashing of mar- 
ket forces. In the framew^ork of a free 
eiuerprise system, they claimed, such 
forces would solv^* the problem. Some- 
what paradoxically, the United States 
also pledged coiuinuing support for 
family planning. Those pieparing the 
statement app^irently overlooked 
C>hina 5 success in bringing down popu- 
lation growth wit^iin an economic envi- 
rynmeiu tlnit has been anything but free 
enterprise. They also conveniently ig- 
nored the fact that the country with the 
lowest birth rate in the Western Hemi- 
sphere, lower even than the United 
vStates, is Cuba, a centrally planned econ- 
omy. ^ , ^ 

Fhird World leaders ai e no\Y speakmg 
out on the urgency of slowing popula- 
tion growth. They range from the presi- 
dents of Brazil and Kenya to the leading 
industrialists of India.* In Latin America, 
the resistance of the Catholic church is 
being overridden by popular opinion 
and by women who demand relief from 
incessant childbearing. The United Na- 
tions Fund for Population Activities 
(UNFPA) ahd the World Bank are being ' 
inundated by requests from African gov- 
ernments that want to launch family 
planning programs. 

The first step in solving this most basic 
global problem is identifitation and 
awareness. Awareness must reach the 
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point where a political response 
becopies feasible. Many Third World 
coiTntHcs are now at that point, avs'their . 
statements in Mexico City indicate. Per- 
* haps the most important was that of 
Rafael Salas, the head of UNFPA^ and 
SecretaryXJ^neral of the conference. He 
went beyond iirging a mere slowing of 
population growth, saying '*our goal is 
the stabilization of' global population 
wiihin the shortest period possible be- 
fore the end of the next century.*'^ 



Fertility' Trends and 
Projections 

World population in 19B4 totaled 4.76 
billion, an increase of some 81 million in 
a year. This growth — the result of 13^H 
' million bif tlis and 52 million deaths- 
means the contemporary World is still in 
the rniddie of the demographic transi- 
tion, with high^ fertility^ and compara- 
tively low mort*lhy.7 Behind this global 
generalization lie wide disparities be- 
tween nations. The population sizes of a 
dozen countries, all in Europe, are now 
essentially stationary, neither growing 
nor declining. (See Table 9-1,) They 
range from tiny Luxembourg to West 
Germany, which may be on the verge of 
a Jong-term decline iri population size. 
In a world where population stability is 
now widely recognized as a goal that is 
not only desirable but essential over the 
longer term, the achievement of zero 
population growth by this do^en coun- 
tries containing 5.2 percent of the 
world's population is an encouraging 
beginning. v 

in addition, six more Eiiropeaigi coun- 
tries are apprdaching zero populatioiv 
growth, with annual growth rates of 0.5 



Tabic 9-1. Ckiuntrie9 A< or Approaching 
Zero Population Growth, 1984^ 

Annual 
Rate of 



Corinti7 


Change. 


Popiilation 








Al ZPG« 






Aiislri'n 


0 0 




Belgium 


+ 0.1 


^ 9.9 


Denmark 
East G|p^)any 


-0.1 
+ 0,J 


' 16.7 


Mungavy 


-0.2 


10.7 


Italy ^ 


-f-0 1 


56 ft 


i^uxonib)f>iircy 

*■ V* v« t ji * If ^ ^ 




'04 


4 0 9 




* S\^i^cn ' 


0 0 




Swit^ldi^J^tiiWT- 






» " «' 


4-0 1 




Wcsl Germany 


-0.? 


61.4 


Total . 




243.1 


Approaching ZPG^* 






Bulgaria 


+ 0.3 


L ■ 


Czechoslovflkia 


+ 0.3 


15.4 


Finland 


+ 0.5 


4.9 . 


France 


+ 0.4 


54.6' 


Netherlands 


+ 0.4 


14.4 


Romania 


+ 0.5 


22.6 


Total 




120.8 



*Kxcludes migration. 'Zero population growth 
is here defined as within a range of plus or minus 
0.2 percent change in population .sire per year. 
^Countries with a population growth rale ot 0.5 
percent per year or less with fertility below replace- 
ment. 

sourck: Worklwaich Institute estimates; based on 
data inXiniled Nations, Moytthly HuUttin of Stattsticx: 
New York, monthly. 

from Finland, with less than 5 million 
people, to France, with 55 millioij, If*^ 
these six also eea.*5e growing, they will 
boost the share of the worlds people 



living in countries with no population 
percent or less and fertility rates well X growth to a total of 7.7 percent, 
below replacement level. In size, they go The next big c^iange in this figure is 
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likely to come when one of jthe ^hrce^ 
largest industrial countries— Japan, the*^ 
United St^^les, or the Soviet Union — 
reaches a stationary population. The 
first two. which have both .slowly grow- 
ing popuhuions and fertility rates below 
replacement level, are^moving in this dir 
rection. In fact, Japan's current popula- 
tion growth rate o( less than-0.7 percent 
per year and below-replacement fertifity 
" mean that country could be at or n6ar 
zero population growth by the end oJi'the 
centui7. So, too, c^uld the United 
States, if it can regain control of its bor- 
ders(|bd limit immigraifon to that which 
is legal. ^ 

This is much less likely* for the Soviet 
Union, however. After a generation of 
moving downwardln.tandem, bfrth rates 
in the Vnit'ed^fSfes and the Soviet 
Union are now beginning to diverge — ■ 
largely because of hi^h fertility in fhe 
Soviet Union's Asiap, pj;'edominaiitly 
Muslim republics. In the European So- 
viet Union, rates are similar to those in 
Western Europe, either approaching or 
below xero population growth. Births 
and deaths .in this region are essentially 
in balance. In the Asian republics, how- 
ever, fertility repiains high— so high, in 
fact, that the demogt'a'phic center of 
gravity is^ shifting eastward toward cen- 
tral Asia. Indeed, in the Muslim repub- 
lics birth raises are higher than in several 
states in Indi^i.^ 

At the other end of the fertility spec- 
trum are the Indian subcontinent^ the 
Middle East, Africa, and Latin America? 
Although India has made some progress^ 
in reducing its fertility, dropping its 
growth rate to 2,2 percent per year, the 
populations of Bangladesh and Pakistan 
continue to expand; at 3T and 2.8 per- 
cent respectively. The combined num- 
ber of people in these three countries — 
897 million in 1982— is projected to 
reach 2.54 billion before it stops grow- 
ing. (See Table 9-2.) In the Middle East, 
evtdence of effective family planning is 



-vrirtually nontxistent,ATmu<ri population 
growth^rates range from 3,2 percent irj 
Iran to 3.7 percent in Syria. The pro- 
ceedsii om oil exports help sustain these 
^ gains in Iraq and Iran, but the 
hugV populations projected for the mid^ 
^le of the next centurv and beyond will 
materialize after most of the oil is gone, 
rasing questions as*to how these people 
will be supported. 

The demographic prospect in Africa is 
equally bleak. As in most of the Third 
World, not only is population growth 
rapid, but the number of young people 
reaching the age when ihpy can have 
children ts far greater than ever before. 
The World Bank projects that the cur- 
rent populations of Ethiopia and Nigeria 
will increase sevenfbid before comilrig to 
a halt, a century or more hence. For Nig- 
eria, which is now hon^e to 91 million 
people, the Bank projects an incredible 
addition of 527 .million— tViore than%he 
current population of the <^ritirc conki- 
nent. * ^ , 



'The projected growth XTbr North 
America^ all of Eut^ope^ and the So- 

^viet Utiioil is less than the additions 
expected in either Bangladesh or 

'Nigeria* . \ 

Ii> Latin America some progress iS 
being made in reducing fertility; ' Be- 
tween the early sixties and the earl^ eigh- 
ties birth rates were.reduced in Brazil by 
30 percent, in Colombia by 37 percent, 
and in Mexico by 20 percent* Decline s of 
this iriagnitude in these three countries, 
which make up close to two thirds of 
Latin America's total population, iare en- 
. couraging. Unfortunately, wiith so many 
people now under the age.ojf 15 (44 per- 
<^ent of Mexico*s population, for exafti- 
pie), the growth momehtum remains 
strong. Wt)rli| Bank demographers prb- 
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Table 9-2* CurreHit Populntlon pf Sclecte4 Countiiu^ With PrQjcclio^ ta Sutlonary - 



State 



Country 


Population^ 
1982^ 


Population Size 
^^^\yhen Stationary 
State is Achieved 


Change From 
1982 Population 




(million) 


(million) 


(perc^O 










Bmil 


127 


304 


\ 4- 1 39 


China 


1,008 


.1.461 


+ 45 


Egypt 


44 


114 


+ 159 


Ethiopia 


33 




+ 600 




54 




ID 


India \ 


7\i 

f * t 


^ 1 707 




Indonesia ^ 


153 


370 


+ i42 


Japan 


' US 


128 


+ 8 






IQQ 






91 


61ft 


J- H70 I 


* P^ki^tsin 


ft? 


H77 - 




Polartd 


' 36 


" 49 


+ 36 


^ South Africa 


50 


123 


+ 310 


^outh Korea 


39 


• 70 * 


+ 79 


Soviet Union 


270 


377 


+ 40*^ 


TurWy 

Unitcff' Kingdom 


47 • 
56 


111 

59 


+ 136 

' . '+5 . • 


United States 


. 232 


292 


+ 26 


West Germany ^ 


62 


94 


• -13 



soORCe: World Bank» World Devtlopmnt Report 198i (New York: Oxford University Press. 1984). 



jcct thw Mexico's poplilation will nearly :^ 
triple before growth stops. ^ 

III sum, although the population pro- 
^ jections for the industrial countries and 
flast Asia seem reasonable enough in 
terms of what loral resource and life- 
»upp6rt systems can sustain, those for 
much of the rest ot^tKe worlch do not. 
Most demographers are still projecting 
that world population will continue 
^ groty^ng until it reaches some 10 billion, 
. but that most of th^ 5*3 billion additional 
- people will be concentrated i^ a few re- 
gions— ^r:incipaUy the Indian 'subconti- 
nent, the Middle East, Africa, and Latin 
^ Atnerica. For example, the projected 



growth for North America, all of Europe, 
and tlTe i^oviet Union is less than the ad- 
ditions expected in either Bangladesh or 
Nigeria.*^ % 

These projections of severalfold in- 
creases in tlie national populations for 
many Third World countries have an air 
of unreality. There js considerable dis- 
parity^ between demography and other 
disciplines such as ecology, agronomy, 
and, increasingly, economics. What 
demographerjf are projecting just does 
not mesh with ^ what ecologists ^ or 
agronoihists are reporting. !n all to<> 
many countries ecological deterioration 
is transliiting into economic decline that 
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in turn leads to social disint^gt^ation. As 
outlined in Chxipler 1, the result can be 
a breakdown of progress and a return to 
the first phase of the demographic tran- 
sition; high birth rates and high death 
rates. Although thi? will lead to a smaller 
population ^sistc, it is presumably not a' 
rouf|||[o that goal that any country would 
choose to follow. The time has come to 
assemble an interdisciplinary team that 
can consider tlys process and make real- 
istic population projections. 



Social Influences on 
Fertility 

To assess the effects of various fertility- 
reduction practices or influences, 
demographers start with a base figure of 
17 births per woman as maximum fertil- 
ity. This is the number of children that a 
woman is biologically capable of bearing 
during \\er reproductive life, roughly 
from age 15 to 50. Few women, of 
course' ever have this many children. 
Even in developing societies with high 
fertility, the national average rarely 
reaches half the maximum theoretical 
^ potential. (See Table 9-3.) 

One reason the actual number of 
births per woman in developing soci- 
eties i^ well below the maximum possible 
is that in most counii ies the average age 
of marriage is considerably aboVe the • 
onset of reproductive capacity* Even in 
Bangladesh, where child b^rtrothal is still 
practiced and where the consummation 
ol^l^rriage lypicaUy ^^^^^ place within a 
lew y^rs of sexual maturity, the delay of 
marriage avoids at least one birth for the 
average woman. In countries further 
aionig the development scale and in 
which the average age of marriage is 
much higher, such as Colombia, CoHin 
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Rica, and Sri tanka» thij^ practice may 
avoid as many as five births per woman. 

Recognition of the role of later mar- 
riages in reducing fertility and slowing 
population growth has led many govern- 
m<)6ts to raise the legal age of marriage, 
altliough such laws are diflicult to' en^ ' 
force. Among the countries that have 
attempted this are China, India, and 
Tunisia. Compliance is usually be^t 
in cj>untries where economic gains and 
social trends are natundly bringing 
about such change. In developing 
countries experiencing steady economic 
improvement^ the marriage age tends 
to rise. In South Korea, for example, 
the averiige age of marriage for women, 
which was 16.6 years in 1925, reached 
nearly I>4 by 1975, with mos^ of the in- ' 
crease coming ' durjng the last two de- 
cades 

Although breast-feeding was not fully 
appreciated in the early days of the mod- 
ern family planning movement, it too 
plays an important, role in controlling 
fertility. Wtamen who are breast-feeding ^ 
do not usually ovulate, a precaution 
taken by nature to avoid the. j^hysiologi- 
cal stress associated with* lactating and 
being pregnant simultaneously. Reliable 
data on breast-feeding, only recently 
available for a number of developing 
countries, show that this practice makes 
its maximum contribution in the least 
developed ones, where accej>s to infant 
formulas and contraception is limited. In 
African countries, such as Ghana and 
Kenya, the contraceptive effect of breast- 
■ feeding avoids over four births* The 
contribution of this practice is in- 
fluencjed both by how many women 
nurse and by how long they d<j so after 
each birth. In Bangladesh, for example, 
the average mother bre;lst-reeds for 29 
months. This uncommonly long period 
has historically played an important role 
in limiting the number of children, and 
still accounts for nearly seven fewer 
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sousce: Adaptctl from World Bank. World Ikvrlopmmi Hrport 19Si (NciX- York: Oxford University IVcss, 
I984)» which compiled a table from World Fcruli(y Snr\'cy data gathered during the mid- and late seventies. 



births for the average Bangladeshi 
woman. 

UnfottUpJ^iely, breast-feeding is de- 
clining fflKf m^liny developing countries. 
For example, in Thailand the averagje 
nursing 'period declined from 22.4 
months in 1^69 to 1 7,5 months in 1979, a 
drop of just over a fifth in ii decade. Sinti- , 
lar patterns can be seen in othc^r develop- 
ing countries whei*e infant formulas are 
promoted as an aUemative to mother's 
milk. The growipig sha^e of women who 
work dutside the home a^ modemissation 
progi^ss^s ^l90 interferes with regular 



breast-feeding. Many developing coun- 
try governments are seeking to counter 
th^ decline in this traditional practice be- 
cause the use of infant formulas, often 
with unsanitaiy water supplies, increases 
infant illness and mortality. And in indus- 
trial societies breast-feeding is being en- 
' couragcd by the medical community be- 
cause af least some authorities feel that 
infants nourished this way are health|i^r 
and better acyusted than those who are 
bottle-fed**^ , ^ 

The contribution of contraception to 
the r?|Juction of fertility varies widely 

I 
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within the Third World. In over a half- 
dozen of the countrievS in Table 9-5 con- 
traception prevents less than one birth 
per woman, far less than either delaVed 
iparriage or breastfeeding s. Yet in othj^rs 
contraception plays a dominant role: In 
Cosiia Rica, ''its use prevents close to' 
seven bjrths per woman. In such ca\es, 
contraception has played a major role in 
moderating population growth. If 
breast-feeding declines in frequency or- 
in duration, as it has in so many cases, 
contraceptive usage should increase 
merely to^ offset the fonndr's effect on 
fertility. Indeed, the slower fertility de-. 
cline observed in some regions may be 
partly attributable to ^^ decline in breast- 
feeding.'^ 

As $bcieties modernize, the factors 
controlling fertility change. At the 
broadest level, later marriage and con- 
traceptiq^ become more important and 
the role of breast-feeding subsides. In 
the final stage of the demographic tran- 
sition, the mix of contraceptive practices 
typically shifts away fVom those used for 
spacing children to the more reliable 
methods, such as sterilization, used to 
stop having children altogether. 

The social indicator that correlates . 
most closely with declining fertiHty 
across the whole range of development 
is the education Jif women. The attain- 
ment of literacy itself brings an initial 
abrupt redaction in fertility. It declines 
further as women's average education 
level is progressively raised to primary 
school, secondary school,^ and then col- 
#ge. Paralleling this, the economic indi- 
cator closely correlated with fertility de- 
cline is women's participation in the paid , 
work force outside the home. In soci- 
eties where population growth has come 
to a halt, this l^giire commonly ranges 
from w?ll over 50 percent in some West 
Europeiin countries to over 90 percent 
in some of socialist Eastern Europe for 
women ift their working and childbear- 
ing years, >^ , 



CpNTRAGEPTIVE PRACTICES * 

The voluntary prevention bf impregna- 
tion or conception is not new. One 
method still widely used, for example, 
even in technologically advanced indus- 
trial societies is withdrawal or <joitus ir>- 
terrupius, a practice that goes back at 
least a few thousand years. Contracep- 
tion can be broadly grouped into three 
catf^gories: traditional practices of with- 
drawal, absiinc^>ce, and rhythm; modern 
reversible technologies of the oral con- 
traceptive, the inii-autcrine device 
(lUD), and barner devices ^such as con- 
>(Joms and diaphragms, which are often 
used in conjunction with* spermicides; 
and surgical sterilization. A^lso revei sible 
is a fairly new hormonal injection, usu- 
ally marketed under the trade name 
Depo Provera, that is being us<^d in some 
80 industrial and developing countries, 
although Mt is not yet approved in the 
United States. One shot provjdes contra- 
ceptive protection for :sevei^l months, 
an ffhportant consideration in areas 
where medical personnel and goods are 
in short supply. 



Worldwide, sterilization protects 
more couples from unwanted preg- 
nancy than any other practice. 



Worldwide, , sterilization protects 
more couples frOm unwanted pregnancy 
than any other practice, largely because 
of its prevalence in three populous coun- 
tries — Chin*, India, and the United 
States, Oral contraceptives (the pill) 
rank second, partly because they are ex- 
tensively used in so many areas, both in- 
dustrial and developing. Indeed, the pill 
is the mainstay of family planning efforts, 
in all but a handful ot the countries 
where contraception is. commonly 
used.^^ 
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Patierns of contracepiive use vary 
widely among countries and do not nec- 
essarily correspond with levels ol" devel- 
opment. (See Table 9-4.) The pill, tor 
Example, completely dominates Egypt's 
family planning program: 17 of every 20 
contracepting couples rely on this 
method. And in Indonesia ncJlrly 3 out 
of 5 coupks using contraception take 
the pill. It is ironic that^^i modern contra- 
ceptive is so picevalent in some key devel- 
oping countries at the satne time that 



(^09) 

tniditional approachesxare so widely 
used in sQuie industrial t^Quntries. In 
.France, for example, a third df the cou- 
ples protected by contraception r1pq[\v use 
traditional methods, such as withdr?k^al. 
In Poland, these older techniques alsi^> 
dominate the etfort to limit family size! 
1 his heavy dependence on traditional 
methods in Poland and a number of 
othcjr East European countries is in part 
due to the lack of modern contracep- 
tives. 



Table 9^. Share of Coupler Using Contraception in Sclcctfed Coun«rie.^, By Method, 

Circa 1978> 
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*lnchKie$ M women of reproductive age ayd in stable iiexual union, ^Includes withdmwal, abstinence, 
rhythm, and douche. 

soiiRce: All data except for China from Ann LarsdVi, *Tattcrns of Contraceptive Use Around the World," 
* Population Reference Bureau. Washington, DC. July 1981; Chinese data from Laurie Liskin et ah, 
**Vasectomyv-Safe and Simple,*' Ropttlaiipn Reports, November/Deceitibcr 1983. ^ * 
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Most of th^d<ua| iiv Tabic 9-4 were 
gathered from .surveys » but in a few 
cases, such as Ind^a, the information 
comes from famil)j planning service 
agencies and hence! does not ^includc^ 
figures on traditional! or folk methods of 
pregnancy prevention. If survey data 
were available for India, they wpuld 
most likely show witpdrawal and absti- 
nence playing at Icas^ a small role in re- 
ducing fertility well bj^low the biological 
maximum. ' , I - ^ 

India is unique in jits over\yhelming 
dependence on sterilisation, .both male 
and female, largely btjcaus^c of vijjforous 
government promotio;n and the failure 
to provide other methods until recently, 
such as oral contraceptives. Reportedly 
five of every six coupi^les protected by 
contraception rely ons^erili/ation. Mu^h 
of the remaining projection in India 
comes from the cond<^m artd lUP, al- 
though the Mtter acquired a bad reputa- 
tion during a poorly tun government 
campaign in the late sixties. The empha- 
sis then was on insertiojn, with li/Kle at- 
tention to follow-up. A$ a result, many 
women snlTered complications, includ- 
ing excessive menstrual bleeding i\i\d 
pain. lyDs are.thus not as widely used in 
India as they are in other developing 
countries. Women in^fchina, in contrast, 
depend heavily on lUDs, the method 
chosen by h»lf tb<^ 1 ^8 million married 
women of reproductive age who are 
using contraception. Thus some 59 
lion Chinese rely on lUDs to avoid im- 
wanted pregnancies. Sterilization is the 
second most popular method in China. 

In the United States* the pill is the 
mosi widely used contraceptive, chosen 
by one third of the couples who use a 
method.' Sterilization, both male and fe- 
male, is a close second/*promisin{5 to dis- 
place the pill soon. Most of the remain- 
ing one third or so of couples choose 
diaphragms or lUDs. The pattern in the 
Unned I^ingdom strikingly similar. 



Cullui^l •'^imilanties-^^including^^ .^O"!^*-. 
mon language, the tegular exchange of 
medical information, and the common 
press * coverage* accorded research re- 
ports ir\ the i\so countries — may contrib- 
ute to die conttTiceptive usage similari- 
ties. 

The methods "chosen in particular 
countries can change over^iime as gov- 
ernments gain experience Ki providing 
family planning services, as they^under- 
stand couples' needs better, and as new 
technologies become available. For ex- 
ample, South Korea's family planning 
program relied heavily on lUOs until the 
pill was introduced in 1968, partly be- 
cause for somq^women the ll^DJbutd un- 
desirable .side effects. Yet thejlH) con- 
tinued to be the dominanf technology 
chosen imtil 1976, when the government 
realized that 85 percent of the couples 
using contraception were doing so to 
stop having children entirely. This led^^o 
an expansion of sterilizatioil services fdi* 
both men women. Within a matter 
of years sterilization moved to the fore- 
front of South Kot^ea's family planning 
program, preventing more pregnancies 
than the pill and the lUD combined* " 

Cultural influence.^ also s^iape contra- ^ 
cept\ve usage' in ways it is often hard to 
anticipate. In I^ylonesia, for insta'iuce, 
the lOU is^quite popular on Bali, popu- 
lated largely by Hindus. But on Java, 
with its predominantly Muslim popula- 
tion, it is far less widely U?cd, Apparer^tly 
Balinese women are accustomed to male 
child birth attendants whereas Javanese 
women rely on midwives And are thus 
reluctant to have a doctor, usually a man, 
insert atv lUD."^ 

Sterilization,* an essentially nonrevers- 
ible surj^ical procedure^ is in many Ways 
an. ideal technique for couples who are 
certain they do not want any more chil- 
dren. At one time sterilization was lim- 
ited to women, but over the last two 
' decades male sterilizatioiV (vtisectomy) 
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ha$ become much more common. (J>c/e 
Table 9-5.) In three oRhe world's most 
popnlous countrics> the number o( 
vasectomies has in some years ap- 
proached or exceeded female sSterili/.a- 
tions. In India 'and the United States. 
vasectomi<*s account (or roughly haU of 
all stenlization>i. In China, female sterili- 
zalioris (tubectomies) are more numer- 
ous» a\^craging some 2 .5 million per year 
from lU^J to 1978 cotnpared with \ J 
n]iHion vasectomies. 

In the years ahead, vasectomy is likely 
to get more auction. One indication of 
this is a conferefife that was held in Co- 
lombo, Sri Lanka, V the fall of 1 982 — the 
first international gh^thcring ever to be 
devoted exclusively to <he subject of vas- 
ectomy . Representative^fsome^25 coun- 
tries shared information oiti program suc- 
cesses and the potential lohg-term rolt; 
of vasectoiFny in the worldwide effort to 
slow population growth. Some^^^ported 
on highly succestiful progratns; the^ftbrts 
of others were just beginning,^^ 

Although more women than men are 
sterilized in most countries, interest in 
vasectomy is rising in the Third World. 
Where medical and economic resources 
are scarce, vasectomies have an advan- 
tage over female sterilizations or other 



Table 9-9, Estimated Number of Couples 
Preventing Births by Vasectomy^ 1983. 



^^lountry 


Couples Pix)tecied 
by Vasectomy 


China 


ilooo.ooo 


India 


12,000.000 


United States 


5,000,000 


United Kingdom 


1,100.000 


All other 


2,800,000 


World Total 


32,900.000 



sour^^e: Laupc Uiskin c( t\L, "Vasectomy — Sftle 
and Simple,*' Population Refmti, November/ 
December 1983. , ^ 
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methods o( fertility control, once the 
desir<^d family size h reuched/They are 
a one-time procedure and are sui^cally 
$omcwh?\t simpler to perform than fe- 
male sterili7:ation. In some areas 
pat\\medic$ have been drawn into the 
program. At the Colombo wCfHing, A. 
Latif Naeiw of Pakistan argued that **in 
rural Pakistan, there is a shortage of doc- 
tors, and one has to decide on priorities. 
Some of the parariicdics could probably 
do vasectomies better than physicians 
because they (paramedics] are trained 
only in that/*^^ Male sterilizations are 
also a good way to involve men in family 
planning programs, MA. IV Mustafa, a 
Khartovnn gynecologist, observed at the 
conference that **about six years ago, I 
came to the conclusion that if family 
planning is to be efl'ective in the Sudan, 
men must be involved and a vasectomy 
program included/'^^ 

Even whilcvinternational attention is 
focusing more on the potential role of 
vasectomy, sortie countries that have 
successful sterilization programs for 
both sexes have noted a shift back to- 
ward greater reliance on female surgery. 
In part this is due to men's resistance to 
vasectomjt and reluctance to be involve'd 
in family planning. It als# stems from 
tii^o new techniques for female steriliza- 
tion, laparQSCopy aftd minilaparotomy. 
both perfected cjuiing the seventies. A 
laparoscopy requires only a small ab- 
dominal incision, large enough to insert 
a laparoscope that is uj^ed to cut and 
then tie the woman s fallopian tubes. A 
minil,aparotomy requires an even 
smaller incision* With both pf these rela- 
tively new methods ♦ female steriliza- 
tions, like male ones, can be performed 
with local anesthetic and on an outpa- 
tient basis. Because family planning pro- 
grams in so many countries are orit^nted 
more toward women than* men, laparos- 
copy and minilaparptomy have quickly 
become popular,*' 



/Advances IN \. 
Contraceptive ^ 
Technology 

Since th? pill was developed in (he late 
fiUi(;^ and the lUO became important in 
the mid-sixties, few completely ne\\^ con- 
traceptives have been introduced. How- 
ever, there have been a number of im- 
portant innovations in birtli control 
technology during the 20 years. Exam- 
ples incUide injectable steroids hke 
Depo ProVe.ni and implantable steroid- 
releasing devices, the two female sterili- 
zation procedures^ just des^Kfbed,, and 
improved means of pregnancy termina- 
tion through menstrual regulation or 
prostaglandins. 

Of course, advances in contraceptive 
technology are not essential to ^slowing 
population growth — as a number of 
countries, both industrial an3"deve(op- 
ing, have demonstrated. Indeed, tradi- 
tional societies maintained a stationary 
population size relying only on tradi- 
ttonal te^hniq^iies. But tlje rapid growth 
now confrontmg the world community, 
and the frightening rates v^till facing 
3ome Third World countries, argue for 
effective family planning programs. 
Their effectiveness in turn depends on 
providing as many different birth %ntrol 
methods as possible. For developing 
countries, the primary concerns are that 
contraceptives are safe, inexpensive, 
simple to use, and depend little on medi- 
cal personnel. 

Beyond this pressing societal need, 
the varying individual sitiiations of mil- 
lions of couples around the world call for 
increasing the range of contraceptives^ 
available. No one method is appropriate 
for all couples or for any one person's 
entire reproductive life* ' In some in- 
st?inces the obiect is to postpone preg- 
nancy until vfcn beyond the initiation of 
sextial activity* In other situations con- 
traceptives are used to space the birth of 



children. And sometimes, when no more 
children are desired, the goal is to pre- 
vent pregnancy completely. 

Developingr^ new female contracep- 
tive may take 10-20 years and cost up to 
$50 million. Reproductive physiologists 
estimate that It will probabjy tak^e evew 
longer to develop an entirely new male 
contraceptive, sin\ply because less re- 
search has .been done on the n\ale repro- 
ductive system. Any new product must 
be carefully tested before it is approved 
by any national governments. In addi- 
tion, the criteria for testing and approv- 
ing new contraceptives vary from coun-o 
try to country. These financial and 
regulatory hurdler? have discouraged the 
private sector tt:<M^jjQU>^ing ahead as vig- 
orously as might be socially desired.^* 

Nevertheless, althotigh it is under- 
funded, research on new methods is 
moving ahead on several fronts. Among 
the public-sector agencies actively en- 
gaged in this new field are the World 
Health Organisation; the National Insti- 
tute of Child Health and Human Devel- 
opment in the United States; India's 
Council for Medical Research; the Popu- 
lation Council, supported by U-S. foun- 
dations and the Agency for International 
Dev<?lopment (AID); and the Program 
for Applied Research on Fertility Rcgu- 
, lation and Family Health International, 
both supported heavily by AID. Some 
efforts are intended to improve existing 
contraceptives, others are pursuing en- 
tirely new lines of research* (See Tabl? 
9-6.) Over the next decade pr so, a new 
generation qf contraceptives is expected 
to reach the marketplace. 

One technological advance that would 
greatly increase th<f flexibility of existing 
family planning progratt^s is reversible 
sterilization. Surgical techniques now 
used for vasectomy are highly reversible 
but only within fiveyears of thcortginal op- 
eration> and $ophisticated microsurgeiy 
is req^uired. Succe^^ful reversal of female 
sterihzation is to6 low \o be reliable,*^ 
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Tabl« PnMpccUve N«w or Improved 
' T«ehnologle« for ControlUng Fertility 

Ukely To Be Available by 1990 ^ 
Siifer Oral contraceptives 
Improvecj IVDs 

Improved barrier contrac^?ptives for 
women 

Improved long-acting steroid injections 
Improved ovulation-dtftection methods 
Steroid implants 
Steroid vaginal rings 
Menses ifiducer to be taken for miss^ 
period 

Could Be Available by 1990 
Monthly steroid-based contraceptive pill 
Ntfw types of dnig-releasing lUDs 
Antipregnancy vaccine for women 
Sperm-suppressiOn Contraceptives for 
men " 

Reversible female sterilization 
, Simplified mfale and female sterilization 
Self-administered menses inducer 

Could Be Availabievby 2000 
Antifertility vaccuJe for men 
Antisperm drugs for men ^ 
Ovulation prediction techniques (for use 

with periodic abstinence) 
New types of antiovulation contraceptive 

drugs for women 
, Drugs that d'Snipt women*s ovum 

trati^^port '* , 
Reversible male sterilisation 
i*harmaci>logic or immunological 

sterilization for men and women 

souKCE^: U,S. Office of Technolo^ AKesMnent^ 
Worid P^htion flnrf F^rlihty Ftdnntng Techmhgief: 
m fitfxt 1}mty Ve^rs (W^^shiugion, D.C.: U.S. 
Goveminent Printing Office. 1082); George Zel^ 
denstein, *,*Contract:piifon in the Population/ 
Development fe^atjoh/* presented at the First 
Conference of the Asiaft Forum of Parliamcijjtari- 
aiis on Population >nd Development; New IMIh|^ 
February 1 7-?0, 1984. ^ 

An important new <jontraceptive being 
worked on is a pill for men that would 
siuppress sperin development. The Chi- 



nese, who are participating in this re- 
search, accidentally discovered that men 
in certain communities in China had un- 
commonly low fertility. Researchers 

^ eventually traced this phenomenon to 
the use of cottonseed oil that was not 
highly refined, and specifically to a sub- 
stance called gossypol. a compound 
Ibund in cottonseed. Although gossypol 
has some side effects, tests are u^^de^ way 
on the safety and effectiveness of a go$- 
sypoUbased male pill. Another male 
contraceptive that could be on the mar- 
ket before the end of the century is an 
antifertility vaccine, which would also 
greatly broaden the range of male con- ' 
traceptive options. 

For women, thcf^ are potential ad- 
vances on several fronts, including bar- 
rier methods, hormonal contraceptives, 
and in some instances a combination of 
the two. One such combination, steroid 
vaginal rings, may well be available be- 
fore 1990. Aliother approach with con- 
siderable potential is & self-administered 
menses induced, in effect a very early 
abortion, which might be on the market 

' by 1990. At the forefront is a subdermal 
implant developed by Population Coun- 
cil scientists that will be marketed under 
the trademark NORPLANT. Consisting 
of six tiny silicone rubber capsules, this 
implant can be inserted under the skin of 
a woman's upper apu or forearm. Within 
24 hours it starts providing protection 
against pregnancy and continues to do ' 
so for at least five years, But it can be 
removed quite easily if a return to nor- 
mal ferrility is desired. Some 7,000 
women in 14 coumries have participated ^ 
in field research, demonstrating the im- 
plant's effectiveness in a broad range 6f 
social settings. The Population Counfcil 
has licensed a Finnish pharmaceutical 
firm to develop and market the implant, 
with the stipulation that the company 
must make a msyor distribution effort in 
developingtountries,** ^ 
These initiatives and prospects of new 
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birth control methods \n the next few 
decades are encouraging. Unfortu- 
nately, worldwide expenditurea on re- 
productive research and contraceptive 
development are minuscule, so small' 
that they almost get lost in the global 
R&rl) budget. Even with the most gener- 
ous accovmting, they tot;d less than $200 
million per year. If we are to meet the 
challenge, especially in developing 
cou'htries, of slowing and eventually 
halMng population growth, far more 
must be done to provi^le couples with 
the widest possible range of contracep- 
tive technologies. 



Two Family Planning 
Gaps 

There ai^ two major family planning 
' gaps: one between the demand for fam- 
ily planning services and their availabil- 
ity, and another between the societ;«l 
need to slow population growth quickly 
and the private interests of couples in 
doing so. Neither will ^ easy to narrow. 
The first requires far gieater exf>endi- 
tures on family planning services— an in- 
crease in local clinics^ trained personnel, 
information, and services. The second 
gap can be eliminated only through in- 
tensive public education eflbrls that help 
people understand the social conse- 
quences of continuing excessive popula- 
tion growth. 

Ten years ago, at the World P6pula,r 
tion Conference in Bucharest, the as- 
sembled governments took a bold step 
toward reducing the gap in availability of 
family planning services. They agreed it 
was the basic human right of couples to 
plan their families and to have access to 
the services needed to do so. Agreeing 
to this point and making the services 
available were, however, two different 



things. A May 1977 Worldwatch Paper 
noted that "more than half the world's 
couples go to bed each night un- 
protected from unplanned preg- 
nancy."^^ In thd seven years sjfnce, the 
share of couples that are-,ilow un- 
protected has undoubtedly declined. 
But it is still substantial — only about two 
Tifths.^of aJI Third World couples v\s^ 
contraceptives. Excluding China, the 
figure is substantially less. 



Worldwide expenditures on repro- 
ductive research and contraceptive 
development are so small that they 
almost get lost in the global R&D 
budget. 



The World Fertility Survey reported 
that half of ^11 women interviewed in the 
developing world said that they wanted 
no more children, (See Table 9-7;) This 
is the good news. The bad news, accord- 
ing to a World Bank study, is that *Anany 
couples who say they want no mori chil- 
dren do not use contraception — usVially 
because they have ](!)oor access to mbd- 
eni services/*^^ 

In Latin America, .61 pi^rent of the 
Avomen surveyed in Mexico^B9 percent 
in Colombia, and 75 percent in Pem in- 
dicated that they wanted no more chil- 
dren. The share of married Asian 
women in this category was consistently 
rather high— 50 percent in Bangladesh, 
49 percent in Indonesia, 68 percent in 
Thailand, and 77 percent in South 
Korea. Only in Africa did a decided mi- 
nority of the women have this view — 20 
percent in Ghana, 25 percent in Kenya, 
and 27 percent in the Sudan. Even in 
Africa, these numbers dwarf the propor- 
tion of women actually practicing con- 
traception, suggesting that the desire to 
limit family Size far outstrips the availa- 
bility of family planningVrvices. 
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TmkU 9-1. $hfu>« of Marriod Women 
, Ag«<i 15-49 Who Want No Mor« 
CWdren, $«l«ct4!!<L Developinf Counlrlw, 
dfcalDlao 



Country 



Percent 



Bangladesh 
, Colombia 
Cosia Rica 
Ecuador 

Egypt 

Ghana 
lndone3ta 
Ivory Coa5t 
Kenjfa 
Mexico 

Pakistan 
Peru 

Philippines 
South Korea 
Sri Lanka 

Syna 
Sudan " 
Thailand 
Tunisia. 
Venezuela 



50 
69 
55 
59 
5& 

20 
49 
12 
25 
61 

50 
75 

59 
77 
67 

44 
27 
68 
56 
66 



SOURCI^: World Bank, Worid DexffloprHtnt Repert 
1984 (NeW^York: Oxford University Press, 1984). 

There is another set of numbers that 
says a great deal about the inadequ;[icy of 
current family planning efforts: the share 
of women who report that they want to 
practice contraception but who either 
lack ready access to services or cannot 
afford them. (See Table 9-8.) This group 
requires no urging or further education 
on the advantages of jfamily planning. 
They are wonrien who are convinced of 
the need to limit their family site. 

In Kefiya> for example, 8 percent of 
the women report an unmet need for 
contpceptive services, versus 7 percent 
w>io already use contrac,eption« So 
merely making services mon|avatlable in 



Kenya could double the pumber practic- 
ing (amity planning. Similarly, in Thai . 
' land» where 53 percent of the women 
already rely on contt^ception. an addi- 
tional 14 percent report they would do 
so if aflTordable services were convene 
iently available. Expanding the family 
planning program in Thailand w^puld 
raise the number of women using con- 
traception by nearly a quarter and could 
reduce the crude birth rate by at least a 
few points, moving that 'country even 
closer toward eventual population sta- 
bility. And in Bangladesh, which has one 
of the highest percentages of unmet 
need for contraception, 26 percent of all 
married women would use contracep- 
tion if given the opportunity to do so. 
This figure is especially significant be; 
cause it is three times as large as the 8 
percent reporting current contraceptive 
use. 

One step governments can tak^ to in- 
crease the availability in nfiany countries 
is to eliminate existing restrictions on 
contraceptive use. For example, when 
Furliiey repealed a law banning steriliza- 
tion, it opened up a whole new area in 
the country's family planning program. 
And when the Indian medical commu- 
nity finally agreed the pill could be pro- 
moted, some 23 years after- it had first 
been introduced in' the country, Indian 
couples had a valuable new contracep- 
tive for spacing their children and a use- 
ful complement to the sterilization pro- 
grams that Currently dominate the 
national family planning program.'^ 

Another important initiative is greater 
reliance on paramedics. At the Colombo 
conference on the role of vasectomy, 
Phaitun Gojaseni of Thailand observed 
that *'we need wide coverage for a family 
plarming program, and paramedics are 
Mter than nothing.* '* Although the 
medical profession sometimes resists, 
more and more governments are- recog- 
tii:»:iing that getting the brakes on popula- 
tion growth quickly will require the ex- 
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Table 9-6. Unmet Need for 
'Contnccption Among Msnrted Women 
Aged 15-49» Selecrted Developing 
Countries, Circa 1980 



Counirv 




Percent* 


Bangladesh 




26 


Colotnbia 




16 


Costa Rica 




, 8 


Ecuador 




20 


Egypt 




17 






6 


Indonesia 




12 


Kenya 




8 


Mexico 




18 


Nepal 




24 


jrciiv,i9i«iii 




99 


Peru 




27 


Philippines 




20 


South Korea 




23 


vv Sri Lanka 




24 


Syria 




II 


. Sudan 






Thailand 




H 


Tiinisia 




m 


Venezuela 




16 



* Average of high and low estimates. 
sbiiRce: VVorid Bank, Worid Devtlopmtnt Report 
1984 (New York: Oxford University Press: 1984). 



tensive use of pai'ameclics or '^barefoot 
doctors/' 

^ AH too ofteli wonren who are denied 
access to contraceptive seryiccfs turn to 
abortion to limit the size of their fami- 
lies. Indeed, in maHy countries the ex- 
tent of reliance on abortion, legal or il- 
legal, is an index of this family planning 
^ap^^here services providing safe, reli- 
abl^l^ortlraceptives are widely available 
and easily affordable, induced abortion 
rates are typically much lower than else- 
where. In otber countries^, abortion has 
become an important birth control tech- 
nology — ^not for avoiding ' pregnancies 
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but for avoiding births^ 

RougWy a tenth of%e world's 4,76 
billion people live in countries where 
abortion is totally prohibited. About one 
fifth live where abortion is permitted 
only to save a woman's life. And for 
roughly one quarter of the world abor- 
tions are legally available on at least lim- 
ited grounds, such as threat to the 
womap*s health, adverse social condi- 
tions, or extreme economic circum- 
stances. As a rule, these conditions are 
interpreted rather liberally. In the re- 
maining countries, which contain close 
to half the world's people, abortion is 
freely available.** 

Although there is no systematic inter- 
national reporting of data on either in- 
duced or spontaneous abortions, schol- 
ars such as the late Christopher- Tietze 
have assiduously ?!l!)llected numbers on 

^ induced abortions for many countries, 
(See Table 9-9>) According to figures 

^ gathered by the Centers for Disease 
Control in Atlanta, abortions in the 
United States, which, climbed steadily 
following legalization by a Supreme 
Court decision in 1973> appear to have 
leveled olf since 1980.*^ 

In Latin America, abortion is widely 
practiced^ though mostly illegally. In 
Cuba^ however, where it is lega^ the 
number of abortions apparently ap- 
proaches that of live birthii. In some East 
European courttries; such as Hungary, 
abortions exceeded live births from 
1959 through 1973. A similar situation 
existed in Romania from the late fifties 
through 1966> when abortion was 
sharply restricted- In the Soviet Union, a 
1974 estimate by the International 
Planned Parenthood Federation cited 
230 abortions for every 100 live births^ 
indicatinj^ some 70 percent of all Soviet 
pregnancies ended m abortion.** 

The small share of international aid 
that is devoted to family plaitning high- 
lights a major problem in reducing this 
gap in availability of birth contYol. Popu- 



Table 9-9. Incidence of Legal Induced 
Abortion, Selected Conntrlea^ 1980 

AbWtions per 

Country Abortion? 100 Live Binhs 



Bulgaria 


(number) 




.128.50.0 


98 


C^inada 


65.100 


18 


Cuba 


104,000 


76 


Gzcchoslovakra 


103.500 


44 


East Germany 


80.100 


35 


England 8c 


128.600 


20 


' Wales 






Frinicc 


171.300 


21 


Italy 


220300 


34 


>pan 


2.250"^00 


1^0 


Poland 


145.600 


22 


Rpmania 


404.000 


99 


Sweden 


33.100 


36 


Tunisia 


20,500 


10 


United States 


1.583,900 


43 


West Qcrmany 


108,900 


IP 
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goes to A§ia» the region \^th half the 
world's people. Of the lop seven recipi- 
eht countries, Egypt is the only excep- 
tion to this pattern* Many Arrican iamily 
planbing programa are newly laiinchcd 
and although the total populutioji assist- 
ance they recN^ive is relatively small in 
international terms, it i$ substantial in 
per capita tern\s. Kenya, for example, re- 
ceive?? 369? per capita and Zanmbia re- 



s^Vi^Ct: Christopher Tlctze. Induced Abortion: X 
Worid K<t;im 1983 (New York: Population Coun- 
cil, 1983), 

lation assistance artiounts to less th?n 
percent of total foreign aid (about $490 
million out of $38 billion in 1981)/ a 
rather paltry jsum given the high social 
costs, of (ailing to slow pppulation 
growth in much of the Third World. In 
the early eighties^ the United States was 
providing about half the governmeHital 
assistance in family planning^ a reflec- 
tion of its traditional leadership on this 
issue. Back in 1971, however, the U S. 
contribution accounted for 8 1 percent of 
government aid. Fortunately, other in- 
diitstria) governments, such as Canada, 
Japan, West Germany, and those of sev- 
eral Nordic countries; are now paying a 
tiiuch more prominent roleL^^ (See 
Table 9.10.) 

Not surprisingly, the lion^s share of 
the interhational family planning budget 



Tublc 9-10* Populntlon As4lirtiinc«, By 
Donor, 1981 

Donor Arho#ni 




^ (million dollars) 


Government 




Ausindia 


3.3 


Bclgiflimt 


0.8 


CIan3fcd^ 


14 0 


Denmark 


8.5 


Finland 


% 1 


^ Italy 


1.0 






Netherlands 


^ 13.2 


New Zealand 


' 0.5 , 


Norway 


. 32.4 


Sweden 


30.7 


SWit7.erland 


1.4 


United Kingdom 


13.1 


United Stales 


193.4 


West Germany 


22.5 


Other.s 


2.4 


Total 


373.9 • 


Organization 




World Bank 


77.3 


Ford Foundation 


7.6 


kockefcller'Foundation 


4.9 


Other Private Donors 


27.4 


Total 

* 


.117.2 


World Total 


401 1 



ioiiRCK: Barbara K. Herx, •'Pfficial Devdopmcm 
Assisticince for Population,'* World Bank. Washing- 
ton, D.C., unpublished, September 1983. 
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ceivea 25^, levels that compare favorably 
in pe| capita terni^ with the major recipi- 
ents in Asia.^^ . 

Mo^t of the funding for family plan-' 
ning programs in the Third ^rld 
comes from indigenous sources, How- 
ever. This is particularly true for larg^e 
countries like China and India, where as- 
sistance from abroad averages and 
4^ per capita respectively. Such Toreign 
assistance does nonetheless play a stra- 
tegic role because it comes|.in ihe fonfi of 
hard currency, permittir(g the purchase 
of equipment and contraceptives * not 
otherwise available. It also frequently 
brings with it tecl^nical assistance that is 
sorely needed — ^whether it be statistic * 
cians helping design a census or doctors 
who can trliin local medical staffs in such 
proc^ures as laparoscopy. 

The gap between the desire to limi^ 
family size and the means to do so is a 
measurable one. The second family 
planning gap— between the family size 
desired by couples and that which is de- 
sirable from a societal point of view-^ 
may present little problem in some 
countries. But in others it may be very 
difficult to deal with. In family planning, 
as|ii many other areas, the'^untmnmeled 
pursuit of individual interests can wreak 
social havoc. This is the justification for 
such things as compulsory vaccinations, 
traffic speed restrictions, and pollution 
controls. 



Most of the funding for family 
planning {Programs in the Third 
World comes from indigenous 
sources. ' 



In noting the differences, in some 
cases wide, between the family site cqpi- 
monly desired by individual couples and 
that which is^^tolerable from a societal 
point of view, the World Bank observes 
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that **thei:(e is a balance between the pri- 
vate Vight of procreation and S9cial 
sponsibility/*^^ Each society must seek 
that balance in light of its oVn circum-- 
3tan^s. China, for example, determined 
from^etailed projections of population 
growth and future supplies of land^ 
water, energy, and jobs that it is in th^ 
social interest to raduce the average 
number of children per couple to well 
below two. The res fill Is the worlci's first^ 
one-child family program. , 

The provision of information can plJiy 
an important role in bridging the gap 
between privately desVed family size and 
the smaller, socially desirable size. For 
individuals, this can take the form <if in- 
fprmsktion about family health and wel- 
fare. Forggfovernments, it may be popular 
tion/resource projections, which show 
^how future population growth will affect 
per capita supplies of essential re- 
sources. And ecological research can 
help raiS^ .public understanding of the 
"'felationship between the carrying capac- 
ity of local biological systems and the 
den^ands of both present and fbture 
populations. It can point o^t, for exam- 
ple, that beyond a certain point rising 
fuel needs can lead to deforestation. 
^ Sometimes this exercise of project ii^ 
population/resource relationships into 
the future |an have a dramatic effect on 
childbearing decisions. An^ong other 
things it shifts the very personal ques- 
tion of ^hethfcr or when to have children 
from the traditional focus of jjJrdviding 
security in old age to the more relevant 
one of how the number of children d 
person has will affect the quality of life of 
those children a generation hence. This 
subtle but important shift Ijas beenW 
strumentat in gainin g acceptance of the 
one^child family program in China, . 
. One of the demographic difficulties 
that many govemmeptJi will hiave to con- 
tend with over the^'next several decades 
is the momentum inherent in the agfr 
structures of populations now dorhi- 
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natcd by young people, those born since 
1970« In a number of societies children 
under 1 9 constitute close to half the total 
population. (See Table 9- 1 K) This enor- 
mous group of yourjg people will reach 
reproductive age by the end of the cen- 
tury. Even if these counuies were to 
achieve replacement fertility by then— 
roughly 2 A children per couple-^thc 
doifiinance of young people would lead 
to a doubling of population* in many 
Third World countries. In a fej^» such as 
K<^a and Libya, if replac^ent fertility 
wer^ reached this year the current popu- 
lation would still increase 2.1 tim?:s be- 
fore growth would stop. Unfortunate^ 
none of these demographicallv.y<njTtg 
countries is even close to reaoung re- 
placement fertility .^^ ^ 

The difficult decisions- that more and 
more governments will face will be in the 
trjide-orf between family size and living 
standards. The more children there are 
in the average family, the lower the qual- 
ity of life foi' society as a Vhole; Many 
countries arc now moving into a period 
where a failure to sharply reduce family 
size is already leading to a decline in per 
capita consumption of food, energy^ and 
water. A generation ago, when popular 
tion pressures in developing countries 
were far less than they are today, the 
rapi<lfl;rowth resulting from large fami- 
lies simply meant a slower rate of overall 
improvement. Today, in all too many 
cases it means a deterioration in living 
conditions* . 

.Beyond the costs calculated earlier of 
getting family plannii)g services to those 
who have already expressed a desire for 
them, the cost of eliminatihg the second 
family planning gap — that is, reducing 
the desired family size to that which is 
^ socially bpt^mal-^also .needs to be es* 
timated. This will require far tnore than 
a simple expansion of family planning 
services* It demands a rcseiirch program 
that will help governments to under- 
stand better Ulture trends and relation- 



Table 94 K Shane o£ Popubtion Vifdtr 
Fifteen in Sel«t|fed CountH<)ft, 1984 



Country 


Share 




(percent) 


Nigeria 


48 


Algeria 


i7 


n I) n cr i n li ^ h 

K. OKI 


46 


Mexico 


44 


Ethiopia 


.43 


South Africa 


42 


Egypt 


39 


Turkey ^ 




India 


39 


Thailand 


39 


Indonesia , 


39 


Brazil 


37 


China 


34 


Poland 


25 


Soviet Union 


25 


Spain 


25 




23 


United States 


22 


United Kingdom 


21 


West Germany 


18 



soi^Rce: Population Rcfer^tce Bureau, 1994 World 
Population ^Data Shtfrt (Washington, D.C.: 1984), 



ships between population size and 
resour^ availability, between the de- 
mands of future citizens and the sus- 
tainable yields of life-suppx3rt systems. A 
handfitl of industrial and developing 
country governments'^ have begun this 
exercise. All have undertaken national 
year 2000 studies (or, in the case of Mex- 
ico/a proposed Year 2010 study) that 
will assess populatimi/resource relation- 
ships.^*^ 

In addition the research component 
of eliminating the seqond family plan- 
nin^ gap, information needs to be dis- 
semmated tp effect changes in attitudes 
toward family size- Finally, to the extent 
that changing perceptions of future con- 
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ditions do not bring about the needed 
reduction in Hiniily size, governments 
will need to use inc?Vn(ives and disincen- 
tives. Perhaps a score or more couturies 
now use incentives of one form or an- 
other, ranging from a one-time $10 pay- 
ment foi: a vasectomy in India to pre- 
ferred access to schools ajid jobs for only 
children in China. WhatcviM' the cost of 
bridging this second family planning 
gap, it is not nearly so great as the costs 
of failing to do so: slowed social and eco- 
nomic progress and, in so^te cojjpuCries, 
hunger^ malnutrition, diseas^. and out- 
right starvation. 



Components of Success 

Successful family planning prograt^is 
vary widely in 4hcir composition and 
* thrust but all have certain characteristics 
in common. In many developing coun- 
tries success has been markedly facili- 
tated by a head of state who both under^ 
stands the multi^ij^nensional population 
threat and is commiited to doing some- 
thing about it. Not only ijju.st this con- 
cern exist, but enthusiastic,- highly visi- 
ble public support is especially help- 
ful. . 

Closely related to this commitment at 
the top is the setting of goals and the 
allocation ofresponsibilityTor achieving 
them. The fixing of responsibility, essen- 
tial for successful management of any 
program, is particularly important with 
population policy. Regular monitoring 
of the program is also usually essential. 
During the late seventies, for exatnple, 
President Suharto of Indonesia in* 
stituted qui^rterly meetings with the pro- 
vincial governors to review the family 
planhing programs. These discussions 
permitted a tijmely sharing of informa- 
tion that helped overcome obstacles that 
had developed at the local level. And ihe^ 
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very Rict that the" meetings were con- 
veiled demonstrated Suharto*s personal 
concern with the population issue,^* 

A successlul program requires^Crong 
public support. This can be achieved in 
various ways. Apart from demonstrated 
enthusiasm by political leaders, projec- 
tions of population alternatives can help 
clarify choices, giving substance to the' 
urgency of dealing with the issue. This 
information can be used in public educa- 
tion profjrams, as the Qjinese have 
done, to ci*eate an awarenfss of the issue 
commetisurate with it.s gravity. 

Some countries have elfcctively used 
support by well-known athletes, televi- 
sion celebrities, and actors to promote 
family planning or have worked small- 
family themes into popular soap operas. 
The use of respected members of soci- 
ety, such as popular 4>oliticayeaders or 
prominent intellectuals, to mform^ the 
public of the social costs of rapid popula- 
tion growth often stimulates awareness. 
Such efforts are sometimes essential if 
social acceptance of family planning and 
national population policies is to be es- 
tablished quickly. 

Experience has repeatedly shown that 
the programs that work best are grass- 
roots ones, staffed by local people, by - 
leaders from within the community. 
Their advice is typically more acceptable 
thatv that of an outsider brought in spe- 
cifically to prbm6te a program. Services 
should be readily available geograph- 
ically and economically. If couples wish- 
ing to control their fertility have to travel 
more than an hour to reach a family ^ 
planning service center* they are likely to 
be discouraged froip doing so. If ser- 
vices are too costly, they go uni^sed. 

The family Dianning programs that 
work best are Those that offer the entire 
panoply of services^ — the more con- 
traceptive^ offered, the more likely cou- . 
pies wiUJind a method that meets their 
needs. For personal or medical reasons 
some contraceptive^ may not be accept- 
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able. With a )vide i^ange to chod.se from, 
saii^facuon and theijffore continuation 
of use are far more likely. Sterilization, 
for both men and women ^ is an impor- 
tant component. Countries where it is 
illegal are severely handicapped in try- 
ing to t^ach population stability/ Those 
with the most successful programs also 
back up their contraceptive services \iiiU 
abortion, if desired, in the case of con- 
traceptive failin-e. In virtually all of the 
do^en or so countries that have stopped 
population growth, abortion has been 
re«idily available. 

Success of'a family planning program 
and a population policy should no 
longer be measured just by contnuep- 
tive u^age i^tes. The issue is not whether 
fertility is declining, or declining faster 
than it was before, but whether- it is de- 
clining fast enough to sustain improve- 
ments iii living standards. Against this 
backdrop, just providing family planning 



services may not be enougl'K/l o $uc<;eed, 
a program may have to be an^ctivist one 
that reaches out and contacts people, 
that takes information and sei^ices to 
each hoxisehold. Merely opening a fam- 
ily planning service center in a co/nmu^ 
nity, which may have sufficed 15 years 
ago. may no longer constitute? rfn ade- 
quate effort, / ^ 

The^c is no universal rideal for the 
shape of population policies and family 
planning programs. Each countiy must 
tailor its educational effort, family plan- 
ning services, and pattern of incentives 
and disincentives to its particular cir- 
cumstances. This is not to say that gov- 
ernments should not adopt successful 
initiatives from (;>ther countries. But if 
they da not consjder whether a particu- 
lar pix)grain is socially and politically ac- 
ceptaole within theif society, their 
efforts may be in vain. 
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If the goal of economic, environmental, 
and population policies is to improve the 
human condition, then.t^ policies of 
many governments are mow fajilhig. 
Whether using cojriventioijal economic 
indicators Such as economic growth and 
income per person or even more basic 
measui^ of individual .well-being such 
as food^'nsumption, the trends in many 
countries are not encouraging. 

Social indicators tell a similar story. 
Tlic increases in life expectancy Yegis- 
tered throughout the world during the 
third quarter of this century are no 
logger occurring at all in sqmt coun- 
tries. Infant mortality rates, once sharply 
declining almost everywhere^ are now 
rising in some food-^dcficit Thiixl World 
nations. These reversals on the social 
frontajpe most evident in Africa, where 
foocTis scarcerttind in the debt-ridden 
countries of Latin Americar where in- 
comes have fallen some 10 percent since 

Perhaps more serioys than these re- 
cent downturns is a l^s of confidence in 
the future that exi$ts in so many quar- 
ters. This apprehension is born of a lack 
of eoncrete progress on some of the key 
threats to our future. United Nations 
documerits refer to the prospect of much 



of the Third World becoming a desert if 
recent trends continue. In private, 
World Bank officials talk despainngly of 
social institutions deterior3itmg to the 
point that some countries in Africa may 
be **going back to the bush/' 
" Few national political leaders have a 
vision of the ftiture. And fewer still have 
^a plan for translatiag that vision into a 
reality. Many are so preoccupied with 
day-to-day crises that they no longer 
have time to look ahead, no time to 
imagine wKat could be. The question 
that should challenge political leaders 
everywhere is how to get the world back 
on track. How can we restore the Im- 
provement in liting conditions that char- 
acterized virtually "the entire world dur- 
ing the third quarter^ of this century? 



Rethinking the FDture 

Restoririg the broad-based gains in liv- 
ing standards will not be easy. But it is 
not impossible. Among other things it 
will require a thorough overhauling of 
economic and population policies and a 
re|iructuring of national prioritiesin the 



S37 



Getting Back on Track 



use of public resources. The corner- 
stone of such a reorieniation is the real- 
ization that our security and future welU 
beihg may be threatened leSiS by the 
conflicts among nations than they are by 
the deteriorating relationship between 
ourselves, soon to be five billion, and the 
natural systems and resources that sus- 
tain us. 

The principal elcment.s of an effort to 
uild a sustainable society are nither 
raightibrward. They include economic 
and population policies that respect the 
carrying ^j^city of local ecosystems, 
protect sous, and presei-ve biological di-" 
ver$ity. Any strateg)' that aims to im- 
prove living standards will recogni/e the 
depletable nature of fossil fuels. Suc- 
cessful economic plans will capitalize on 
the abundance of labor and mjnimi/.e the 
use of scarce capital. 
' Although restoring tmprovement.s in 
living stanjlards is a formidable task, all 
the individual initiatives for'd<^ng so are 
reinforcing* For example, planting trees 
conserves soil and water, reduces the 
buildup of carbon dioxide (CO^)* stabil- 
izes the hydrological cycl^, mininfiizes 
flooding and drought, provides employ- 
ment ♦ and ensures* a renewable source of 
energy. Similarly^ slowing populatiotx 
growth makes virtually all problems 
much more manageable, as those coun* 
tries that have reduced fertility are dis- 
c6vering. Increasing energy efliciency 
cuts down on CO^ buildup, reduces acid 
rain and hence protects forests, and pro- 
vides higher living standards witn a 
given supply of energy. Recycling 
materials also illustrates this pattern of 
reinforcement: As it Increases, energy 
requirements dwindle, air pollution and 
acid rain decline, pressure on forests is 
reduced through paper recycling, and^^ 
employment increases. ^ 

A global future that provides im- 
proved living standards for everyone will 
not be a simple extrapolation of the re-' 
cent past. It will be a complex mixture of 



advanced and traditional technology. 
The United States, for example^ now 
u.ses as. much firewood as India, some 
130 million tons in 1981. Food produc- 
tion, too, will represent a complex com- 
bination—embracing both centujries- oia 
techniques of composting and home 
food pi oduction on the one hand^ and 
the latest advances in gene splicing on 
the other.* ' <> 

In some important ways^ a sustainable 
world economy will be more internation- 
ally interdependent; in others, much less 
so. Coping with common environmental 
threats such as acid rain, COj buildup, 
and climate change will require an or- 
chestrated response among nations far 
exceeding any such eltort to date. Many 
other activities, however, will become 
much more localized. Countries every- 
wher.e> for example, wiU, bccome^iuch 
more self-sufficient in energy produc- 
tion, depending less on fossil fuel im- 
ports and more on indigenous supplies 
of renewable energ^y. National gene 
banks and plant breeding programs to 
help preserve each country *s endow- 
ment of plant genetic resources will be- 
come commonplace. Information and 
technology will move across national 
boundaries on a larger scale, whereas 
materials such as food and energy will 
probably cross borders less. With an in- 
crease in recycling, the ra\^ materials 
traded internationally m^y also diminish, 

By some-criteria, national economies^ 
will be more centralized and by others, 
less centralized. For example, strategies 
to reduce COj buildup will be nationally" 
designed and managed but the actual 
efforts to cope with this threat will in- 
volve a decentralization of energy sys- 
tems. To cite one case, th^^^$5ive thou- 
sand-megawatt^ coal-fired gener- 
ating plants will be replaced with ntore 
an<iKmore local cogentration* much of it 
by industrial firms that will simultane- 
ously produce electricity and process 
steam. 
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At present Xli^rc arc no good guides to 
Jhc future that reasonably portray the 
mix that is beginning to unfold. One 
thing is certain: We are not moving to- 
,ward the exclusively high-tedfnology 
world that many had once anticipated. 
Information is becoming an increasingly 
vaUiable commodity, one that will play a 
central role jn slumping the future. 



A Generation of 
One-Child, Families 

Earlier chapters outlined why countries 
with rapid population growth that wait 
too long before appl><ing the brakes n^ay 
find themselves in froublc. The first 
country to rerognizl this was China. 
After rejecting for iijleological reasons 
tho^urging of a vigorojus ftimily planning 
program by some of jheir own eminent 
intellectuals in the fijfties, the Chinese 
found by the seventij^s that they were 
facing potential demdgraphic disaster. 

As mentioned in Chapter 9, during the 
post-Mao assessment |in the late seven- 
ties the Chinese undeiitook several alter- 
native projection.^ of fjopulation growth 
and resource denmndis. Even assuming 
that each couple woUld have just two 
children, it was clear that the population 
would contintie to groiw. because of the 
youthful age structure; by another 300- 
400 million people, Recognizing that 
sueh an increase in |i)opulation would 
further rbduce alreadyjlimited per capita * 
supplies of cropland, ! fi^sh water, and 
energy, the leaders in Bdjing saw that it 
would jeopardize the hard-earned gains 
of the past generation,. Rather thamisk 
a fall in lining standards, they decided to 
launch a onre-child farjnily program. 

Like. China, other Fhird World coun- 
tries appear to be waiting too long be- 
fore tackling their populatioti problems. 
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China is unique in tenns-^of population 
size, but it shares with 'ever)' country the 
relationship between population and 
local life-support systems. The principal 
difference between <:hina and other 
densely populated countries such as 
Bangladesh, India, Ethiopia, Nigeria, 
and Mexico may be that the Chinese 
have had the foresight to make projec- 
tions of t^ieir population and resources 
and the courage to translate the fin<ijngs 
into policy. ,^ 



A generation of one child families 
may be the key to restoring a sus- 
tained impfoveinent in living stan- 
dards. * . . 



In one Tliird World country after an- 
other, the pressure on local life-support 
systems is becoming excessive, as can be 
seen in their dwindling forests, eroding 
soils, disappearing farmland, and falling 
water tables. If other governments take 
a serious look at future population/ 
resource balances, they may reach the 
same conclusion the Chinese did. And 
they may discover that they are forced to 
choose between a one-child family pro- 
gram and falling living standards or, in 
some cases, rising death rates. Given the 
imprecedented numbers of-young peo- 
ple who will reach reproductive age 
within the next two decades, a genera- 
tion of one-child families may be the key 
to restoring a sustained improvement in 
living standards. Success in striving for 
an average of one child per family will 
bring problems of its own, including a 
severe distortion of age-group distribu- 
tion, but it may be the price many soci- 
eties will have to pay for neglecting pop- 
ulation policy for too long, . 

No government would launch a one- 
child family program for fun. Politically 
it is ejUraorxiinarily demanding, particu- 
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laHy in socictiQ^^ with a strong preference 
for sons, as the Chinese leadership can 
attest. Yet in soin<j countries, the alter- 
native may be an 1^-thiopian-type situa- 
tion, where population growth is being 
checked by famine. In parts of the Third 
World where the average couple is now 
having five children, halting population 
growth will not be easy. Both ingrained 
childbcaring practices and youthful 
populations make this a diHicult task. 
The inherent difficulties can be seen in 



which show most of these tiations reach- 
ing replacement-level fertility of roughly 
two children per couple around 2035» 
about a' half-century from now. (Sec 
Table 10- 1,) Once this level is reached, 
most Third World populationj will still 
double again because of Uic predomi- 
nance of young people. 

Consider Bangladesh, for example: 
Though it is much smaller than China, it 
is one of most crowded lands on 
earth. Fertility in Bangladesh is not pro- 
jected ^o fall to replacement level until 



World Bank population projection's, 

Table Selected C6untH<r9 th«t May Have To |dopt a One-Child Family Goal to 

Avoid a Decline in Uvitjg Standards 







Assiuned Year o( ' 




PTOjcctcd 






RcachinR 




Population Whcu' 




1982 


• ReplaccmcnJ 


Population 


Stationary State 


C>oiinirv 


Population 


Fci"»ilily 


Momentum' 


Is Reached 




(million) 






(roillion) 


Ethiopia 


33 


2045 


1.9 


231 


Senegal 


6 


2040 


1.9 


36 


^V^gladesh 


93 


2oi5 


1.9 


454 


^^^eria 


91 


2035 


2.0 


618 


Pakistan 


87'' 


2035 


1.9 


977 


Uganda 


» 

14 


2035 


2.0 


89 


Bolivia 


6 


2030 


. 1.8 


22 


Ghana 


12 


2030 


2.0" 


83 


Kenya 


18 


2030 


2.1 


153 


Tanzania 


20 


2030 


2.0 


117 


Z;urc 


31 


2030 


1.9 


172 


Zimbabwe. 


8 


2030 


2.1 


62 


Algeria 




2025 


2.9 


119 


Iran 


41 


2020 


1.9 


159 , 


Peru 


17 


2020 


1.9 

1 


49 


South Africa 


30 


2020 


1.8 


123 . 


Syria 


10 


2020 


2.0 


42 


India 


717 


2010 


1.7 


1,707 


Mexico 


73 


2010 


1.9 


199 


Philippines 


51 


2010 


1.8 


127 



'This mcajurcj the projected population growth after fertility has flillen to replacement level, due to the 
large number of young people. (For most Tltird World coiiniries. this is roughly * doubling.) 
soimcK: VV^rid Bank. World DevefopmenI Report l98-t (New York; Oxford Univer.iity Prc.u. 11184). 
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2035. At that point it« population would 
be so predominantly yO^i^jthful that 
growth would continue untlV eventMally 
there were 454 million Bahgladeshis. 
five time« the 1982 population. 

Neighboring India has a more success- 
ful family planning program and is ex- 
pected to readi replacement-level fertil- 
^ ity by 20V0\ a quarter-century fix)m now. 
Yet, like Bangladesh, it would have a 
rather youthful population that would 
continue to grow until it came to a halt 
at 1.7 billion. In effect, India wtiuld add 
the equivalent of China s population to 
its current numbers. For a country that is 
now losing some 4.7 billion tons of top- 
soil from its cropland each year, the 
prospect of another billion people is dis- 
trcssmg, to say the least.* 

Ethiopia — whose starving people pro- 
vided the most graphic and continuing 
reminder in late 1984 of Third World 
^development problems — is not expected 
to reach replacement-level fertility until 
2045. With the momentum inherent in 
its age structure, the number of Ethiopi- 
ans is projected to continue expanding 
until it reaches 231 million, seven times 
the current population and as many peo- 
ple as now live in the United States, In a 
country where soils are so eroded that 
many farmers can no longer feed them- 
selves, this deinfigraphic projection ap- 
p<?&rs unrealistic! 

Nigeria, the most populous country in 
Africa, is in a similar situation. If it atT 
tains replacement-level fertility in 2036, 
its youthful population will reach 618 
million, iftore than now live in all of 
Africa. In some ways Nigeria is much 
more vulnerable than other I hird World 
countries- because its extraordinarily 
rapid population growth is being sup- 
ported imports financed almost en- 
tirely by exports of oil, whieh will be 
largely depleted by 2000.^ 

Mexico may also have waitecJ ti^o long. 
Its current population of 73 million is 
projected to reach 199 million before 



growth comes to a halt. W^ter is already 
critically short, not only in Mexico City 
buf in other parts Of central and north- 
ern Mexico as well. With a near tripling 
of Mexicans in prospect, stringent water 
• rationing would seem inevitable, J.ike 
Nigeria, Mexico s current population 
buildup is being supported by oil ex- 
ports, M 

These population projections for key 
Third World countries are the official 
VVorld Bank pixjjcctions, but there is an 
air of unreality about them. Although 
they are sound in narrow demographic 
terms, they bear little relation to the 
deterioration of basiQ life-support sys- 
tems and to the resulting hunger and 
deprivation. I he key que!>tion facing po^ 
litical leaders in these countries is not 
whether the projections will materialize, 
but whether population growth will be 
checked by vigorous family planning 
progi:ams or by^un^er-induced rises in 
death rates. 

The magnitude of the effort needed to 
halt world population growth is outlined 
in a recent study by the Populatibn Insti- 
tute, which analyzed the costs of provid- 
ing family planning services in 12 devel- 
oping countries that contain close to two 
thirds of the Third World beyond China. 
($ee Table 10-2.) The starting point of 
the study was the announced population 
goals of the 12 governments. For Ban- 
gladesh, Indonesia, and Thailand, the 
official goal is to bring fertility down to 
replacement level by 2000, India hopes 
to achieve this by 1996. Although other 
governments have stated their goals dif- 
ferently, the desired reductioii in popu- 
lation growth is similar. Ejgypt, for exam- 
ple, wants to bring its crude birth rate 
from 37 in 1982 to 20 by the end of the 
century, Mexico aims for an overall pop- 
ulation growth rate of I percent in the 
year 2000» down from -2,3 percent in 
1984, For Turljiey, the end-of-century 
goal IS three cliildren per couple. 
The cost of providing family planning 
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TnhUt 10-S. Fumlly Planning Cotta In 
Selected Countrlet, 1985, With 
Frojectlona to 2000 



Country 



1985 



1990 



2000 



(million dollars) 



Bangladesh 


56 


99 


221 


Brazil 


m 


126 


179 


Egypt 




HQ 


80 


vlndia 
Indonesia 


313 


497 


806 


141 


168 


245 


Kenya 


9 


21 


. . 48 


Mexico 






127 


Nigeria 


33 


68 


188 


Pakistan 


29 


68 


156 


Thailand 




47 


58 


Turkey 


24 


37 


75 


Zaire 


M 


30 


65 

r 


Total 


849 


1,281 


-2,248 



sotjitcij: Populauon Institute, Toward Population 
Slabihzation: findings From Project 1990 (New York: 
1984). 

services to achieve these goals is sub- 
stantial The study notes that the funds 
would come from four sources — itidivid- 
ual couples who pay some or all of the 
expense of contraceptives they use, pri- 
vate family planning organizations, gov- 
ernments of the countries in question, 
and the imemational donor community. 
The Population Institute calcijlates that^ 
annual expenditures on family planning 
fro*m all $<)urces would climb from $849 
million in 1985 to $2.3 billion in 2000. 
In these countries couples using family 
planning services would increase from 
64 million in 1980 to 240 million irf the 
year 2000, roughly a quadrupling. 

The World Bank estimates that adop- 
tion of a 'Vapid*\ fertility decline goal 
(2.4 children per irouple in 2000) would 
I'cqfiire *72 percent of couples to practice 
contraception and an annual: expendi- 
ture on family planning of $7.6 billion in 
2000. Adoption of itK\\ a goal^ which 



would require a 7 percent annual growth 
in family planning expenditures^ would 
be more thati oflsct by reduced public 
expenditures in other sectors. Year 2000 
savings in education expenditures alone 
would reach $6 or more per capita in 
such disparate countries as Sou'th Korea 
and Zimbabwe.^ 

These projected expenditures over 
the next 15 years are not beyond reach. 
Yet they cover only the hrst^ap in family 
planning — the provision of sen'ices. For 
the typical Third World country, bridg- 
ing the second gap— that ^between 
desired family size and the much smaller 
family required to meet stated national 
population goals— will mean reducing 
average family size from today's five chil- 
dren to about two by the year 2000. And 
this may nqt be possible without sjub- 
stantial Itnanvial incentives or disincen- 
tives, such as those now being used in 
China to encourage one-child families. 
Wherever desired family size exceeds 
\hat which is consistent witl^ the realiza- 
tion of population goals, substantial ex- 
penditures or penalties may be required 
to reconcile* the two. 



Rest6ring Soils 

Never before has the conservation of 
topsoil been so directly linked to efforts 
to improve human well-being. Few 
countries will succeed in attempts to 
boost domestic food production at the 
rate demanded by population ^gfowth if 
soil-depleting agriculture continues. 
The forces that create agricultural defi- 
cits and push food prices up around the 
world are unlikely to be controlled if 
tppsoil continues to be degraded and 
lost. Soil conservation save*" fertilizer, 
fuel, arifd farniers* efforts,* providing a 
foundation on which stable agricultural 
systems can be built. Long considered 
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^^ISff^^bligatioo to future generations, soil 
conservation must now be seen as a key 
(o a secure livelihood for the present 
generation of farmers as welL 

In an eJFort to sustain the* remarkable 
doubling of world food output over the 
past generation, farmers extended culti- 
vation onto steeply sloping land lind in- 
troduced continuous row cropping on 
erosion-prone rolling land. As*a result, 
soil erosion has accelerated steadily, and 
it now afflicts industrial and developing 
countries alike. The ninefold incr<^ase in 
fertilizer use and the near-tripling of the 
world's .irrigated cropland* since mid- 
centui7 have masked the eflbcts of soil 
erosion on crop productivity. Yet as of 
1984 the loss of topsoil from cropland in 
excess of new soil formation totaled 
some 25.4 billion tons, (See Table 10-3.) 
If this soil depletion through erosion is 
' not soon checked, persistent pockets of 
f famine are hkely to appear. 

The slowdown in the rate of growth in 
grain yields, described in Chapter 2, sug^ 

Tabic 10-5. EftlJmftted Excessive Erosion 
of Topsoil From World Cropliind 



C'ounlry 



lolal 
C]ropland 



Excessive 
Soil Loss 





(million 


(million 




acres) 


tons) 


United Stiuc? 


421 


1.700 


Soviet Union 


620 


^ 2.500 


India 


. 346 


4.700 


China 


245 

\ 


4.300 


Total 


1 

i 1.632 


13.200 


Rest of 


1,506 


12.200 


World 






World Total 


3.138 


25,400 



source: Authors' csliijn^Hes based on »<l;i(a from 
national soil surveys* rcpittcd levels of soil loss in 
m:yor crop-growing regions, and indirect evidence 
including river sediment loads and reservoir silta^ 
tton ratesi 



gests that the contribution of fertilizers 
and energy-intensive inputs to world 
har\'ests may face diminishing returns. 
As existing technologies^ are dis- 
seminated more widely outside indus- 
triaf countries and as new technologies 
improve plant performance or help re- 
duce the toll taken each year by insects 
and spoilage, improvement^ in grain 
yields worldwide are likely, but they will 
be incremental rather thai} exponential 
Yield-enhancing technologies tend to 
work best on deep soils and tliat part of 
their contribution to higher crop pro- 
ductivity is forgone on topsoils reduced 
by erosion. Thus soil conservation 
makes the most of n^vf technologies,^. 
Careful inventories of agricultural 
soils and the pressures placed on them 
will provide a foundation for better agri- 
cultural policies .'The 1982 National Re- 
sources Inventory in the United States is 
the most comprehensive national soil 
survey ever undertaken. Based on hearly 
one million sample points nationwide, 
the survey provides a picture of soils 
nearly five times more detailed tijan an 
inventory done in 1977, Preliminary re- 
sults Show that 44 percent of U.S, crop- 
land was losing topsoil in 1982*^n excess 
of its sotMoss tolerance level, and that 
over 90 percent of the soil erodipg at 
excessive rates is on less than* one quar- 
ter of the cropland. These results attest 
to the need for corrective' action and 
point out where conservation efforts can 
most profitably be focused.^ 

Two other major food-pro<iueing 
countries, China and India, have pro- 
duced national estimates of excessive 
soil loss, A study of China's resources 
prepared for the Institute of-Scientific 
and Technical Information reports that 
five billion tons^^of soil and sand are 
washed into rivers each year. The gov- 
ernment of India estimated m 1976 that 
soil degradation affected 150 million 
hectares. Soil scientists working with 
these figures concluded that the nation's 
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croplands were losing a total of six bil- 
lion tons of soil each year,® 

Despite cons[iderable evidence of e?^- 
cessive soil erosion in the Soviet Union^ 
thp world*s fourth major food producer, 
no comprehensive national survey has 
been undertaken. Perhaps the best indi- 
rect evidence of pressures oh Soviet soils 
is the 1984 decision to fallow over 21 
million hectares of cropland, the highest 
Ibvel since the sixties. The Soviets have 
decided to pull land out of production 
despite expected grain imports of over 
50 million tons^^ the most by any country 
in histoiy.^ 

— _ 

The widespread adoption of con- 
servation tillage methods is the 
most hopeful sign of i^rogress to- 
ward stabilizing soils in the United 
States: J 



Some governments have failefd to sup- ' 
port soil conservation enthus^iastically . 
because they could not see the link be- 
"^tween topsoil losses and land productiv- 
ity. Fortunately, new analytic tools are 
becoming available to scientists and 
policymakers. A productivity index (Pi) 
that calculates the ratio bfetween actual 
and potential crop yields at various lev- 
els of soil loss has been applied to soils 
in the major crop-producing regions of 
the Unitfed States and is being tested on 
tropical soils in Hawaii* India, Mexico, 
and Nigeria. Scientists coordinating the 
international work on the productivity 
index conclude that **a knowledge of the 
global distribution of soils combined 
with estimates of erosion could, using 
the PI, improve estimates of the global 
impact of erosion/'*^ Bnt the needed in- 
Ventofy of the world's soils will depend 
on the painstaking collection of data 
over many years, an effort that has barely 
begun* 



In the absence pf effective govern- 
ment policies, the widespread adoption 
of conservation tillage methods is tjh^ 
tX)o${ hopeful sign of progress towWrd 
stabilising soils in the United States. Ac- 
cording to a study by t|hie American 
Farmland Trust, **on most of the Na- 
tion's cropland, conservation tillage is 
all that is necessary to control ero- 
sion/'*^ Usually adopted by the farmer 
to reduce fuel needs and tillage costs, 
minimum tillage techniques that leave 
crop residues and stubble on the field 
' maximize soil moisture and reduce the 
loss of topsoil to wind and water. The 
growth in U-S, acreage tilled this way has 
been remairkably st^cady, increasing al- 
most every year since data** collection 
began in 1972. In 1984, it reached 108 
million acres, nearly one third of all the 
land in crops, Unfortun^^tely, mini- 
mum , tillage methods are usually 
adopted first by more progressive farm- 
ers, not'by those with the most seriously 
eroding soils. 

Inforniatiou on the progress of con- 
servation tillage in' other countries is 
sparse. There is some indication that 
these techniques are being used in major 
trop-growing regions of the Soviet 
Union, though it is difficult to judge how 
widespread they are. And researchers at 
the Internationaf Institute of Tropical 
Agriculture, in IJ^adan, Nigeria, are in- 
vestigating ways to adapt conservation 
tillage to tropical soils. If their research 
results in stable, profitable cropping sys- 
tems, it may restore the agricultural sta- 
bility that was lost in the humid tropics 
as traditional shifting cultivation systems 
broke down.*^ ^ 
The United States unilaterally at- 

«empts to balance the world's supply and 
lemand^of agricultural commodities by 
withholding land from production dur- 
ing times of surplus. But little or no 
effort has been made to coordinate the 
farm supply management programs tl^at 
divert land with the conservation pro- 
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grams designed lo reduce soil erosion. 
With farm program costs out of control 
and public endorsement of (radiitonal 
farm price-support programs diminish- 
ing. Congress may be unable to legislate 
a new farm progi^m in 1985 unless it 
directly incorporates soil and water cout 
servation with supply management and 
price supports, hi effect, public enthusi- 
asm for soil consei^'ation could be used 
to divert highly eroded cropland to 
other uses, such as fuelwood production 
or grazing. This would bring the produc- 
tion of key .farm commodities down to a 
level that would alloW^higher prices and 
revive the profitability of U.S. farms. 



Scores of countries have, like 
Kenya, become food deficit, but 
few have linked the shortages with 
the depletion of their soil by ero- 
sion. 



One Third World country that has for- 
mulated an effective response to soil 
erosion is Kenya. With the assistance of 
the Swedish International Development 
Authority, Kenya designed a national 
program that by mid- 1983 hadjtwined 
s^jpne 1,300 agricultural officers and 
5;$00 technical assistants in soil and 
water management, established 50 tree 
nurseries. «nd distributed 127.000 fruit 
trees and 3.5 million fuel or fodder trees 
to farmers. Terraces had been con- 
structed on 100,000 farms. Farmers 
themselves had constructed roughly 10,- 
000 kilometers of otitoff drains designed 
i6 reduce the ero^iye runoff of water* *^ 

The Kenyan expedience demonstrates 
that a Third World country with limited 
fiscal resources and a scarcity of local 
ikills can design and itnplement an effec- 
tive national soil and water conservation 
program wiih a minimum of outside as- 
sisti^nc'e. The keys appear to be a com^ 



mitted leadership and local participation 
in the design of a program that has 
demonstrated^conomic benefits, both 
short-term an^Jong-tcrm, Kenya's pro- 
gram also ' illuminates the long-term 
commitment other governments must 
begin to make. By 1980, the program 
extension staff was able to bring conser- 
vation improvements to 30,000-35,000 
farms per year; at that rale, it would take 
25 years to stabilize Kenya's soils. Even 
with more staff, comprehensive soil con- 
servation in Kenya will take at least 15 
years, a period during which the coun- 
try s population is expected to nearly 
double. »^ 

Over the past generation, scores of 
countries have, like Kenya, become 
food-deficit, but few have linked the 
shortages with the depletion of their soil 
by erosion. In many coiintries people 
know that food prices are rising, but 
most do not know why. Understanding 
that lost soil Hieans lower inherent pro- 
ductivity, which ifi turn means costlier 
food, is an important first step toward an 
internatiorftil soil conservation ethic- 



Reforesting the Earth 

One telling measure of humanity's prog- 
ress toward sustainability is the extent of 
efforts to plant trees. Tree planting 
where forests havie been cleared — 
reforestation^ — and where no forests 
have grown b^rforc— afforestation — can 
supply needed resources, restore eco- 
logical integrity, and help moderate cli- 
mate change. 

Unfortunately, forests face an on- 
slaught of pressures that degrade their 
economic and ecological value. Esti- 
mates for 76 tropical coimtries show that 
their forests are being cleared 10 times 
more rapidly^ than they are replanted. 
Over 1 1 million hectares of tropical for- 
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cst)i Vktt b^ing cut each year, a rate of 
deforestation that reduces this resource 
by 6 percent in a decades^* In the indus- 
trial .countries, vast, areas of fore?ts are 
dead and dying in o^ntral Europe, as de- 
scribed in Chapter 5, ftncl declines in for- 
est growth are reported in easterii North 
Ami^rica. Acid rain and other air pollu- 
tants are stressing once-productive for- 
ests beyond their ability to cope. 

This situation cannot long continue. 
Replanting is rieeded, to ensure the pres- 
ent and future supply of wood products 
^ for industry and for ftiel. Many tropical 
countries rely on forest product exports 
for desperately needed foreign ex- 
change. Industrial countries still depend 
on wood as a raw material and theyJbum 
increasing amounts as fiiel in highly effi- 
cient wood-fir^d boilers. Developing 
countries like Brazil are also rely^f^ 
more on wood, which they convert to ^ 
charcoal used to smelt steel. AH ^he tra- 
ditional demai^ds fol^ woodSpducts are^ 
^ being compoMnded: The^umber of 
/ rural households throughout the Third 
World that depend on fuelwood fpr 
vcookinff and heat continues to rise; 
affordable' substitute fuels are not being 
introduced fast enough in Third World 
cities; and moderniz'ation efforts like 
China's.; must supply vast amounts of 
pape? for education and cotnmunica- 
tipn, as well as wood for construction 
a^d energy, if aspirations are to be met.^ 
But tree planting projects are still too 
fejv and far between to meet these eco- 
noifiic peeds. All (jie plantations for in- 
dustrial use ati#^elwood plus all the 
natiiral regrowth ar^far from compen- 
sating for thfc conv^sion of forests to 
grassland, croplafhd, or degraded scrub. 
In the tropics, where the ratio.of replant- 
ing to deforestation is es|>cciaHy impor^ 
tant^ o*ly 1 hectare of forest is planted 
for each 10 hectares cleared. Different 
regions have markedly different rates of 
forest restocking. (See Table 10-4.) 
Asi«*s low ratio, which looks like a sut- 



Table 10>4v Ratio of Forest aeiuing to 
Pliititing in the Tropics, 1980^5 



Region 


Clearing to Planting 


Ratio 


Africa 


29 to 1 


Latin America 


10 to 1 


Asia 


5 10 1 


Tropica Average 


10 to 1 




sourck: United Nations Food nnd Agriculture Or- 
ganization, Forest Resources Division^ Dvpical For- 
fst'-Rrjsources. Forestry Paper 30 (Rome: 1982). 



cessful effort to reduce pressures on for- 
ests, is actually a legacy of loi|g-sus' 
tained overharvesting. What 4 litde 
unexploited natural forest remains in 
die region is inaccessible, which slows 
the rate of cutting; meanwhile, severe 
and disruptive wood shortages have 
prompted the world's most ambitious 
tree planting campaigns, inclucHftK^those 
in China and South Korea. 

Perhaps more important' than 
regional disparities in rates, trees are^ 
rarely planted where forests are being 
cut. Nearly 1 .5 million hectares of tropi- 
cal forests are cut annually in Brazil, 
|arg:ely in the unique rain forests of Ama- 
zonia, yet the hundreds of thousands of 
hectares of plantations established each 
year are concentrated far away in the 
southern states of Minas Gerai^ and 
Parang, The same sitti^ti^n prevails in 
Peru and Venezuela. '"^^^ 
;The largest share of plantations estab- 
lished so far have been planted to meet 
industrial needs* ranging from saWlogs, 
and veneer logs to wood pulp for fhe 
paper industry. Brazil's 2 million hect- 
ares of industrial pl^kntations are ex- 
pected to double by the end of the cen- 
tury* Ih India, over two thirds of (he 3,2 
million hectares planted between 1951 
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and 1980 were industrial planWUions 
Throughout the ' tropical cotintries, 
more than half the 1.1 million hectm es 
of plantations established each year pro- 
duce wood Tor industrial uses.**^ 
" Although the spread of plantations to 
fulfill industrial wood needs is encourag- 
ing, progress toward providing sullicient 
.wood for household cooking and heat- 
ing needs is far more sporadic. Although 
the world is not aboiu to run out of for- 
ests, fueKvood shortages are still rite 
most widely suflbred material scarcity: 
Fuelwood supply and demand remain 
badly Mji of equilibrium, and unmet de- 
mand translates directly into unsustain- 
able pressures on natural woodlands, A 
secure supply of domestic fuel in devel- 
oping countries can only be provided if 
families themselves are 'tngaged in 
gmwing and caring for the trees they will 
later burn. 



An eflFort to reclaim five million hect- 
ares of degraded land in India^ith 
agrojforestry projects could create 
jobs^or two millioip people* 

I - ' ^ 

Plantations have a part to play in sup- 
plying this fuelwood, but they currently 
fall far short of the task. In India, onlv 12 
percerft of the 3.2 million hectares 
planted during 30 years supply fuel- 
wood. According to the FoOd and Agri- 
culture Organization, 21 tropical coun- 
tries had no plantations for household 
fUelwood as recently as 1980, and 9 oth- 
ers listed le^s than, a quarter of- their 
plantations for pon-industrial purposes. 
Even these proportions can deceive: 
Most of Brazil^s so-called non-industrial 
plantations supply not household needs 
but wood for charcoal used by the steel 
industry.*^ 

A few successful eflbrts do provide 
some encouragement, however. In the 
Indian state of Gujarat, where free seed- 
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lings have been distributed by the go^- 
erimient, tree farming has bt'come the 
main source of income for some farmers. 
In 1980, the 50 nuUion seedlings dis- 
tributed by the forestry department, 
enough to plant 25 thousand hectares,' 
fell far short of the d<^mand. In 1983, thf 
state distributed 200 million seedlings. • 
Even this is wot enough, however. The 
Indian Forest Service estimates that the 
number of farmers engaged in tree 
growing nuist increase more than twei^ 
tyfold to ensiu e the wood fuel needs of 
Gujarat's population. Although Guja- 
rat's program has been criticized for its 
social inequities and its almost exclusive 
reliance on eucalyptus (which can de- 
plete water supplies), it has created an 
interest>in tree planting that will almost' 
certainly spill over to other states.^" 

Nepal has also mounted a vigorous 
. campai^i to rcphint Its denuded hill- 
sides by givin^f its people the means to 
grow trees for themselves. Tree nurser- 
ies and plantations have been estab- 
lished in 350 villages, from which a vari- 
ety of fruit, fodder, and fuelwood species 
are distributed. Technical assistance and 
funding Yor the program- have come^ 
from the World Bank, several United' 
Nations agendas, and a handful of na- 
tional and private aid agencies;, The out- 
come /)f Nepal's program will be the 
focus of attentioii throughout South 
Asia, since the stability of forests and wa- 
tersheds in the Himalayas affects not jUst 
the Nepalese i)ut the tehs of millions i>f 
farm families downriver on the vast 
plains of the Ganges. 

Where successful reforestation pro- 
grams have taken root, (hey invariably 
meet a wide range of social needs. In 
several regions, such efforts have helped 
reduce unemploymer^t. In Min<j5 Gerais 
and Espiritu Santo, Bi^zil, 100,00^ hect- 
ares of tree plantaciions ar^ put in by 
hand each year; otiier labor-intensive 
planting projects have been developed in 
Colombia, the Congo, Guatemala, Hon- . 
diiras, the Philippines, and Ve^nezuela. 
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CombiDing agriculture with forestry in 
replarflmig schemes can boost employ- 
ment aftd enhance farm productivity; the 
U>S. .Office of Technology Assessment 
estims^tes that an effort to reclaiip *fn'& 
million hoj^res of degraded lancf in 
India* wid^Hroforestry projects could 
create jobSwr two million peojile.*^ 

The ecological benefits of intact for- 
ests also argue for a stepped-up planting 
effort. Trees are essential in stabilizing 
soils and water supplies. Forests in the 
Himalayas, for exam|>le, are the master 
link in a chain between the monsoon and 
miUions of farmers vulnerable to floods 
on the platns^f the Ganges and Brah- 
maputra river^, JV!ore immediately, land- 
slides from slopes made unstable by the 
loss of trees directly endanger mountain 
coinmjjnities. And hydrological disrup- 
tions where trees haye been removed, 
'ranging from heavy spring flooding to 
reduced watpr flow during dry seasons, 
make rural life more tenuous and fuel 
the exodus to I'hird World cities. 

The few countries that have laun^:hed 
national mass planting campaigns have 
done so restore degraded environ- 
ments^ In China, ofl^ial ^oals call for 
increasing forest cover frpm 12 percent 
to 20 percent of the country\s territory 
by the year 200O- The long-run target is 
to restore tr^es to one third of Chit\a*s 
territory. To accomplish the first objec- 
tive, the Chinese hope to plant trees on 
67 million hectares, an effort that will 
approximately quadruple the current 
annual planting effort of all the»coimtries 
in the tropics combined. Geographer 
Vaclav Smil. who has wriuen extensively 
pn* Chinese environmental issues, be- 
lieves these targets can only be reached 
with a combination of aerial seeding and 
mass planting on an unprecedented 
scale. The responsibility system, which 
has made trees productive assets for pri~ 
vate profit in the Chinese^ countryside, 
may help sustain the momentum of offi- 
cial efforts-*^ i 

The country that has achieved the 
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most rapid success with a national pro- 
grafn may be Jjo'uth Korea. Beginning in 
the early seventi^j^s; South Korea sougfht 
to restore its tree cover. By the end of 
lO'^ll'some 043,000 hectares of village 
woodlots had been planted in ftist-grow- 
ing pine's, most of them on wasteland on 
hillside.^ that had been deforested over 
the years. In just a few years, trees were 
established on an area over half that in 
rice, the country's food staple, 

In Europe, Italy has engaged in exten- 
sive reforestation in recent years, much 
of it on marginal cropland it) hilly areas 
that had been abJndoned. Recent es(i- 
mates indicate thai 2-3 nuUion hectares 
of land are being%^anted in trees in an 
effort to avoid exVeS^jyjr soil erosion. 
This newly forest^/i acreage is at least 
' three tiities ius^Iarge as that of South 
Korea.2fi 

Though natKMial mass planting eflorts 
can replace the mmd that i.S lost as natu- 
ral woodlands ant cut or dej;5raded, sin-^ 
gle-species plantings, whether in planta- 
tions or on degraded land, are no mor^ 

' akii\ to natural forests than cornfields 
^\re to the tallgrass prairie. The many val- 
ues of intact natural forests — wildlife 
habitat, aesthetic enjoyment, a^atural 
bdnk for genetic resotitces, and an arena 
in which evolution can continue^simply 
are irreconcilable with intensive man- 
agement. Forest resources for the future 
should be a mosaic of single-use planta- 
tions, multiple-use natural forests, and 

' inttl^t undisturbed stands. Protection 
and innovative management of natural ^ 
forests njust complement planting 
efforts. 

An especially important contribution 
oP healthy forests to humanity*s future 
may be their climatic ^le that is just 
being recognized. Forests turn carbori 
from the atmosphere Vqto wood and foli- 
age, but this fiatural accumulation has 
been reversed in our century. Recent re- 
search reveals that the clearing of forests 
—for agriculture or grazing, for exapdple* 
—releases enormous amounts of carbon 
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into the atmosphere, George Woodwell 
and his colleagues at the Marine Biologi- 
cal laboratory at Woods Hole, Massa- 
chusetts, used seveiTil methods to esti* 
mate the net release ofCOx tVoni forest 
cutting and concluded that the world's 
forests currently release between 1.8 bil--> 
lion and 4.7 billion tons of carbon each 
year. The higher estimate is close to the 
amount of carbon discharged annually 
by fossil fuels, roughly 4.8 billion tons. 
Kven more startling, Woodwell found 
that if forest clearing continues to in- 
crease in proportion * to population 
growths the vearly loss of carbon from 
forests will reach between 7 billion and 
9 billion tons eaiiy in the next century — 
probably surpassing the amount from 
fossil fuels. 

Although in principle the COjf prob- 
lem i.s controllable, the world's forests 
and tree plantations are not'now being 
managed in a way that recognizes their 
role in CO^ s^tabiliration. I'he ^otal 
amount of carbon taken up by trees dur- 
ing afforestation and natural regenera- 
tion of cut forests is only a tiny* fraction 
of tfie amount released by clearx^d wood- 
lands and fossil fuels. To slow the 
buildup of CO2 and forestall climatic 
changes, the deforestation of the earth 
must be reversed, I^vigorous efforts are 
made, the contribution of carbon from 
foocsts can be brought under control. At 
the same time, reforestation and afft)res- 
tation, by taking up carbon from the air 
and turning it into wood and leaves » can 
skim s<ime of the COj released by fossil 
fuel.s Snd transform a problem into a 
productive resource. Coupled with at- 
tention to energy efficiency and develop- 
ment of renewable energy sources, an 
ambilious replanting effort could AfO a 
long way, toward restraining the torces 
most likely to drive climatic change. 

More tropical plant^itions are being 
established each year in the early eight- 
ies than were planted in the late seven- 
ties — an encouraging sign. If tJj^ rate of 
incre^i^e cotitinues, over 40 million h<^i- 

w 
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ares of tree farms may stand in tropical 
countries by the turn of the century. 
Nearly 2 million additional hectares 
would be planted each year, roughly 
double present plantings. China's na- 
tional reforestation stt^tVgy calls for 
planting 3-4 million hectares of trees 
each year. Coupling such ffforts wiUt 
those in the tropical countries might in- 
crease the annual share of carbon ab- 
sorbed by new trees to 6 percent of the 
carbon released to the atmosphere. If 
other countries join China. Italy, Nepal, 
and vSouth Korea and begin planting ^1 
,a large scale, the shate could be even 
higher. 

^ronically, the burning of fossil fuels 
may well constrain forest's ability to 
offset- these fuels' effects on the composi- 
tion of the atmosphere. Acid rain'and air 
pollutants are killing forests in central 
Kurope and apparently reducing the 
growth of forests throughout eastern 
North America, as pointed out in (Chap- 
ter 5. In the southeastern United States, 
growth declines in economically impor- 
tant lobfolly and shortleaf pine have al- 
ready prompted the timber industry to 
adopt more-efficient forest management 
practices. Anything that diminishes 
growth ratt^ also reduces the amount of 
carbon trees take up. Acidification and 
pollutant stress, already reported in 
China and Brazil, could undermine 
hopes that tree planting in the Third 
World can help stabilize the world's cli- 
mate. ' , 

Reforestation and attempts to reverse 
deforestation deserve greater interna- 
tional support and an increased commit- 
ment from political leaders if these 
efforts are to provide secure livelihoods 
and oiore-abundant resources. Coun- 
tries such as Brazil must reappraise offi- 
cial policies that encourage the estab- 
lishment of wood nmnfations on existing 
cropland while jpjhoviding government 
support atid irWentives for Agricultural 
settlement andibrest cleat ing in frontier 
rain forests that cannot sustain farming 
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over the long ryn. International lending 
agencies must avoid similar contradic- 
tions in their lending > policies and rer 
shuffle their priorities. Agriculture re- 
ceiver 20 time* nu>rc funds fronn 
international aid agencies than forestry 
does. Although the World Bank spent 
over $ I million on reforestation projects 
between 1968 and 1980. it fmanced at 
many times titat level projects ranging 
from dams to road construction that de- 
stroyed forest resources, 

Recent initiatives provide a glimmer 
of hope. In the Indian state of Uttar Pra- 
d^jsh, the World Bank is funding a water- 
shed reclamation project that will re- 
store trees and^rrace fields on 312,000 
hectares. Coupled with policies that slow 
population growth, efforts like this to ore- 
' store forests can etihance the resources 
and environmental stability that make 
other improvements in human well- 
being possible. 



An Energy-Efficient 
World 

Contemporary interest in energy efli- 
ciency can be traced to the oil price in- 
creases of 1973 and 1979. Each price 
hike brought with it the need to recalcu- 
late jjjje optimum investnient in energy 
efficiency. If oil priced at $12 a barrel 
justified the installation of four inches of 
attic insulation, for example^ then oil at 
$30 might justify six or eight inches of 
; insulation. Investment^ in conservation 
that were uneconomical when oil was 
pegged at $2 a barrel might be highly 
profitable at $30 a barrel. In addition to 
economic and national security con- 
cerns, two major new reasons argue for 
investing in energy effkiency: acid rain 
and rising atmospheric CO^. 

Over the past several years the world's 
energy efficiency has risen steadily, 

« 
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breaking the historical lockstep relation 
* between energy use and economic 
growth. Progress has been particularly 
impressive with oil, Frpm mid-century 
until the early seventies, ^e amount of 
oil used per $1,000 of gr oss world prod- 
uct increased from 1.33 barrels in 1950 
to over 2/i barrels. (See Table 10-5,) 

Tabic 10 5. Oil Intensity of World 
Economic Output, 1950-84 



^ Oil Used 
Per $1,000 

Vcar ofOuipm' 



(barrels) 

1950 ' 1.33 

nm 1.46 

I960 . 1.67 

1965 1.90- 

1970 V.' 2.17 

'1971 .. 2.21 

1972 2.23 

1973 '2.27 '«r 

1974 2.13 

1975 2.05 

1976 2.15 , 

1977 2.16 

1978 2.14 , 

1979 2.15, 

1980 2.05 

1981 ' 1.93 

1982 " 1.80 
1983. 1.80 
1984 1.78 



'In 1980 dollars, 
soimciss; Worldwaich Institute estimates based on 
data from American Petroleum Institute, basic Pe- 
Irolftim Data Book (Washington. D.C.: 1984); Her- 
bert R. Block, The Planetary Pivducl in 1980 
(Wnshing^Qu, D.C.: U.S. Department of State, 
1981); and International Monetary Fund, World Ec- 
onomic Otttlook (Washington, D.C.: May 1984 and 
September 1984). 



250, 



(:i36) State oj the 

f 

After 1979> however, this ^ figure 
dropped sharply> OnUing from 2.15 bar- 
rels to 1.78 barrels in 1984. This reduc- 
^tion in oil intensity is a "^^'t of both 
^greater elHdency in oil use Bud the sub- 
stitution of other sourcx\s of energy — 
coal, renewable sources, ^ and nuclear 
power. 

Although the world gains m raising 
energy effiriency have been impressive, 
they have been rather uneven; Some 
countries have^ achiev^cd spectacular 
gains, others hav^jiade little progress, 
rhese variations can be seen bv compar- 
ing the energy efhciency of steol-making, 
aluminum production, and ac|o trans- 
port. (See Table 10-0.) In the fi^t two of 
these basic economic activities, Italy is 
the world leader. In steel production, 
India narrowly edges out China as the 
least efficient and uses 2.3 times as nuuh 
energy as Italy to produce a tori of steel. 
For aluminum, the variations among 
major producing countries are some- 
what less. Canada, endowed with cheap 
hydropower, is the least efficient. Italy is 
half again as efficient as Canada. 
With auto fuel efRciency, the differ- 
- ence between the most and least efficient 
national automobile fleets is wide. Japan 
is the most eflicietit, obtaining an aver- 
age of 31 miles per gallon. Not surpris- 
ingly, the United States brings up the 
rear, with 16 miles per gallon, giving a 
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ratio of nearly two to one between the 
most and the leas^ eflicient national au- 
tomobile fleets, Ft)r all three of these key 
sectors, merely getting the rest of the 
world up to the average level of the most 
efficient country would sharply reduce 
world energy consumption* There is no 
reason, however, to limit fiuure gains in 
efficiency to those alirady acliieved, 
since even thy most efficient countries 
are employing some outdated inefficient 
technologies. 

Efforts to increase energy efficiency, 
come in stages. Aller the first oil price 
increase in late 1973» many hombowners 
in industrial countries responded by 
ttuTiing their thermostats down, ITie 
second stage involves steps tliat require 
somewhat more time» such as the addi- 
tion of wall and ceiUng insulation. Over 
thir long term, the basic principles of en- 
ergy architecture cah be employed to 
produce highly energy-efficient homes. 
Canada has proved that commercially at- 
tractive homes can be built that are so 
energy-efficietu they do^not need fur- 
naces. They are warmed by the heat gen- 
erated by household appliances, by the 
body heat of their residents^ and, in 
times of uncommonly low temperatures^ 
by a backup electric baseboard heater*^ ^ 

A staged approach also applies in the 
ti^nsportation system. At first attention 
focuses on the establishment of fuel effi- 



Table 10-6. Range of Energy Efflclcncv In Key Sectors of Mnjqr Nationiil Economies, 

Circ* 19B1 





. Most Efficient 


Least Efficient 


^fl^io of 




Country 


Count ly 


Highesi^o^Lowest 


Steel Production 


^ Italy 


India 




(gigajoules/ton) 


17,6 


- 41,0 * 


2,3 to I 


Alun^inum Production 


Italy ^ 


Canada 




(thousand kwh/ton) 


13.3 


20.0 


1.5 to 1 


Auto Fuel Efficiency 


V Japan 


United States 




(miles per gallon) 


31.0 


. 16.0 


1 .9 to 1 



SOVKCt: Drawn from Tables 7-2, 7-3. and 7-4 in Chapter 7. ' 
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ciency sisindards for new automobile^j* 
such as those adopted in the United 
States to nii^e new-car fuej efficiency 
from ICmiles per gallon in 1975 to 27,5 
miles gallon by 1985. With the 
longer term in mind, urban areas con- 
centrate on developing elficient public 
transport systems to partially replace the 
less efficient automobile. I^istly, the 
focus turns to designing communiti^in 
such a way that automobiles are not 
needed^ This obviously requires more 
lime and a more sophisticated urban 
planning than has typically been the case 
in the past 



Commercially attractive homes can 
be buOt tbat are so ener^y-efflcleitt . 
they do not need furnjices. 



The potential for boosting the energy 
efficiency of the world economy over the 
long term has . scarcely been tapped. 
From a purely economic point of view, 
tKerp are vast opportunities to invest in 
energy efficiency that would yield ar^n- 
nual return of 15 to 50 percent on capi- 
tal. External or indirect benefits make 
the return on investment in energy effi- 
ciency difficult to calculate. For example. * 
what costs should be assigned to the for- 
ests being destroyed by acid rain and to 
the economic modifications that will ulti- 
mately be required by COj-induced cli- 
mate' thaAge? Although the economic 
costs of forest destruction are already 
evident in countries like Czechoslovakia, 
West Germany, and Poland, calculations 
on how mtich to invest in pollution con- 
trol versusHgergy efficiency are still a 
matter of flKte. There has been even 
less cojt^idimnon of how much to invest 
in eneir®^ efficiency to minimize a global 
armiM^ Using exhaust controls to 
lower discharge in tfie atmosphere 
ha$ii&b6«fh rejected because costs are 



prohibitive, leaving energy efficiency . 
and a switch to renewable energy 
sources as the principal Alternatives. 



Renewable Energy: 
Surging Forward 

Econoihic forces, environmental con- 
cerns, and technological advances have 
launched the transition from fossil fuels 
to renewable enei^y fioiirces. The key 
question is whether the process is pro- 
ceeding rapidly cpough to minimize eco^ 
nomic stresses and to avoid fossil-fuel-\ 
induced climate change and the 
wholesale destruction of forests by acid 
rain, 

The^ransition can best be seen in the 
contrasting trends of various energy 
sources between 1979 and 1984. (See ' 
Table 10-7.) The production of oil> the 
world's leading Source of energy, has dey 
dined by 3 percent annually over the last 
five years. The use of wood, ranked 
fourth in the worl J energy budget afler 
the three fossil fuels, has been expand- 
ing by nearly 2 percent per year. Hydro- 
power, secondf to wood among renew- 
able energy sources, has expanded by 
some 3 percent per year. Together, 
wood ahd hydropoWer will be supplying 
more energy than natural gas by 1990, 
Fortunately, in terms of their connection 
to acid rain and CO2 generation, nefther 
coal nor natural gas is growing very ra- 
Ipidly. 

The spectacular rates of growth have 
come frOm thg; newer sources of renew- 
able energy. Wind electricity, for exam- 
ple, has been nearly doubling each year 
for the latt several years, starting from a ^ ' 
negligible base. And, arrpm a somewhat • ' 
larger base, geothermal has increased at 
1 5 percent per year. Althx)ugh these high 
rates of growth obviously cannot be sus- 
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T»bl« 10*7. World Growth in Enorgy 
• tVodMctton by Sourco, 1979-^4 
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Wood 
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Ccoiherm^U Elcciricity 


+ 15 


Wind Elcciricity 


+ 75 


Alcohol Fuels 


+ 30 


Solar l*anels 


+ 20 



^Sources supplying less dum 3 percent of world 
energy output. 

souR^ct: WorlclwHich Institute estimates basc<J on 
daift from American Petroleum Inntituie. U.S, Dc- 
paiuncnt of Encrff)\ Califonii;) Energy Counni.s- 
sion, and nnoftichil soiiices. 

(ained in^efiniiely. they do indicate the 
potential for renewablcs to becoipc im- 
portant energy sources well before the 
century is out, 

The progress on developing several of 
these sources is detailed in Chapter 8, 
And, as indicated there, three other 
fornis^of renewable energy— wpod fuel, 
geotheitnal, and wind power — that were 
covered in State of the World- 1984 con- 
tinue to hold tpnsiderable potential. In 
contrast to hydropo\^r, where the un- 
developed potential is concentrated in 
the Third World, vast underused forest3 
grow in the northern tier of industrial 
countries. In the United States, for ex- 
arnple, the residential use of firewood 
has increased some 10 percent per year 
between 1073 and 1933. Impressive 
though this level of residential wood 



burning is--7-ihe e<]^uivalent of ovVr 100 
million barrels of oil per year — it iaover- 
shadowed by the industrial use oy fuel- 
wood* Notwithstanding the recent 
growth in fuelwood use in the United 
States, Canada* and Scandinavia, there is 
a vast unrealized potential for further ex- 
pansion in these countries and in the So- 
viet Union." 

^rhc use of geothcrmal enei^, a vast 
source that is continuously renewed by 
pressure and radioactivity within the 
earth, is expanding in both industrial 
and developing Countries. It is used di- 
rectly for hot baths, residential heating, 
syf^d industrial process heat and in- 
dncctly to prodOce electricity* In Hun- 
gary, 70 hectares of greenhouses pro- 
duce winter vegetables with l^m drawn 
from underground sources. Corpora- 
tions in the United States, the Philip- 
pines, and New Zealand have sited in- 
dustrial plants astride geothermal fields 
in order to tap this subterranean source 
of heat directly. World geothermal elec- 
trical capacity, as noted in Chapter 8, is 
expected to surpass 10»000 megawatts 
before 1990, The exploration and engi- 
neering experience gained during the 
eighties is settinj^ the stiige for massive 
expansion during the nineties, mainly in 
the geothcrmal-rich countries that ring 
the Pacific plus several Mediterranean 
countries^ such as Italy and Turkey,*' 

In wind energy, the lead has been 
taken by California, where there are now 
several thousand commercial-scale wind 
generators producing electricity on wind 
farms» as documented in Chapter 8. The 
key to this breakthrough is not a unique 
wind endowment, for there are many 
such sites around the world/ but the 
availability of both state and federal tax 
credits for renewable energy develop- 
ment and a forward-looking state energy 
commission. With the technologies now 
being perfected in CaUfomia, prime 
wind sites throughout the world will one 
day be converted into wind fsirms. 
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Gdting B 

As tl\e world moves beyond its heavy 
dependence on oil, sliiAing to a variety 
o( renewable soiuxes, the outlines o( the 
new energy economy are beginning to 
emerge. Successful strategies will be taiK 
ored to eadi country's indigenous en- 
dowment of renewable resources, Sottle 
may rely heavily on one locally abundant 
form ol renewable energy, Othei-s may 
have highly diversified renewable energy 
economies. Nepal. Norway, and Para- 
guay, for example, all ruhly endowed 
with hydroeleciric potenyah relative to 
population, could rely h^jj^ily ot\ hydro- 
power. Heavily forested countries, in 
contrast, could fashion an energy strat- 
egy centered on wood. For some coun- 
tries, the United States aniong them, the 
wisest cou^se is to develop the entire 
panoply of renewable energy sources — 
woqd, windpower, hydropower, rooltop 
collectors, energy cropsygeolhermal en- " 
ergy, and photovoltaics. 

In developing an economy sustained 
with renewable energy, Brazil is emerg- 
ing as an early leader, focusing on the 
development of its vast hydroelectric 
potential, the use of wood as an indus- 
trial and residential energy source, and a 
fast-advancing agriculturally based al- 
cohol-fuels program. With a pauperis 
endowment of fossil fuels and its 
once-ambitious nuclear program all but 
abandoned, the country is building an in- 
dustrial economy thai will be one of the 
first to be based pn* renewable energy. 
To maximize the chance* of success, 
Brazil could rely less on the automo- 
bile and more on electrically powered 
intraurban and inner-city rail system*. 
This, combined with a program to boost 
automotive fuel efliciency. would re- 
duce liquid fuel requirements and thus 
lessen the competition between the trans- 
port and food sectors for food-produc- 
ing resources. Unfortunately, if Brazil 
does not act more effectively to curb 
\ its population growth, the favorable 
resource/population balance that cur- 



rk on 7 rack . (^39) 

rently gives it so many energy options 
will disappear. 

Under the pre^ssure of near total de- 
pendence on imported oil and mounting 
foreign debt, the Philiopines Govern- 
ment designed an aijibitiou^ K)-year 
program aimed ;U reducing oiVk contri- 
bution to the national energy^ budget 
from 91 percent to 56 perceiM by 1989, 
Although coal and nuclear power are ex- 
pected to account for some 1 f> percent of 
its total commercial energy use by then, 
renewable som ces — including hydro- 
electric, gcothermal electric, wood^agri- 
jcultuial w»astes, timber industi7 wastes, 
and fuel alcohol from sugarcane* — could 
push the renewable energy share of tpta| 
enei gy use to one third by the end ol the 
decade. ^^"^ 

In the industiial world, to cite one 
leader in this field. Canada is investing 
heavily in development of its renewable 
energy resources, particularly wood and 
hydropower. Wood, long a principal ftiel 
for Canada's export-oi iented forest pro- 
ducts industry, is now being used 
throughout the country. Canada's ear- 
lier investment in hydropower develop- 
inent is ;riso now paying off as it exports 
surplus electricity to several New Eng- 
land slates and New York.'*^ 

To speed t% tiansition to renewable 
energy, there is a need for research sup- 
port, information dissemination, tax in- 
' centives, grants, and other inducements 
that reflect the benefits not only of less- 
ening dependence on imported oil but 
also of reducing acid rain. As ofthe mid- . 
eighties only a lew national governments 
are making a speedy transition from fos- 
sil fuels to renewable energy. Legislation 
and financial incentives will play an im- 
portant role. For example, the U.S. Pub- 
lic Utility Regulatory PoMcies Act of 
1978, which requires utilities to buy 
power generated by small systems at the 
avoided cost, has created a multitude of 
opportunities for renewable energy de- 
velopers. The support of international 
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development agencies, led by the World 
Bank, will also be a key factor. Develop- 
ment of hydropower, for example, has 
expanded at some 4 percent annually 
over the past five years partly because of 
World Banjc efforts to help Thiixl World 
countries reduce their dependence on 
imported oil, ^ 

In an ironic twist, Third World debt i5 
spurring the global shift to renewable 
energy. Since such resources arc largely 
indigenous, the outlays of foreign ex- 
change are often nonexistent or negligi- 
ble, limited to those for imported equip- 
ment or technical advice. In addition, 
many renewable energy sources are vir- 
tually inllation-proof. Once the initial in- 
vestment is made, the cost of running a 
hydroelectric dam or a solar water 
heater is independent of rising fuel 
prices. 



Third World debt is spurring the 
global shift to renewable energy. 



The reinforcing role that renewables 
can play in the movement toward sus- 
tainabihty is an important one. As dc^ 
scribed earlier in this chapter, the 
reforestation that is badly needed in 
many areas — in part, to provide wood 
for cooking and heating in the I hird 
World— vfrifi yield considerable ecologi* 
cal benefits in terms of stabilizing soil 
and water resources. In employm<^nt 
terms, too» renewables are atttnttive. 
Most require less capital and create 
more jobs than fo3sil fuels or nuclear 
power do. In this respect the timing of 
the transition could not be more fortui- 
tous for Third World planners, coming 
as it does when record nuqiber^ of 
young people will be entering the job 
market. 

X If governments formulate a package of 
j^^bhc policies that will speed the transi- 




tion from fossil fuels to i^newable en- 
ergy sources, a potentially catastrophic 
warming of the earth can be avoided. 
The lU gency of responding to this par- 
ticular threat cannot be overestimated* 
The incentives need not be massive, but 
they need to be ^substantial enough ^o 
bring about the transition in time to 
avoid forest destruction Sind a wrenching 
chmate change- ^ 



Recycling Materials 

The shift from ;\ throwaway society to a 
recycling one can help restore ft broad- 
based gain in living standards in several 
ways. The "virtue of necessity * of recy- 
cling was documented in State of the 
yVorld''1984: On the environmental side, 
the reduction in energy use lowe^ car- 
bon dioxide emissions, acid rain, and the 
environmental disruption ass^iated 
with mining larger quantities of virgin 
ores. Where paper arjd cardboard are 
conce^rned. recycling takes some pres- 
sure otf forests. Economically, recychng 
saves ^nergy, reduces the area required 
for landfill, and also lowers the costs of 
garbage collection and disposal. From a 
social point of View, recycling ca^j^duce 
litter. And because it saves energy and 
capitaP while creating jobs, .it is well 
adapted to the global economic future^ 
where capital and energy will be costly 
and labor relatively abundant. 

In national security terms, a' recycling 
society is less vulnerable to disruptions 
of raw materials Hows. Perhaps more im- 
portant, countries in)porting energy 
have an interest in recycling because it 
reduces energy use. Japs^n understands 
this: It increased (he share of materials 
recycled from 16 percent in 1974 to 48 
percent in 1978. This phenometial in- 
crease, unmatched by any other country, 
was designed to lower oil imports. 



For the world as a whole, recycling 
rates in the mid-eighties are rather low, 
typically not much more than a quarter, 
although for aluminuoii the figure may 
now be close ii\ one third. They vaiy 
widely among countries. Some Third 
r ,t World countries recycle extensively. 
Garbage disposal sites surrounding 
Third World cities are carefully gone 
over by hand to rctneve any useful mate- 
rial—paper goes to the paper mill, bones 
to the glue factory, and rag.^ to*a funii- 
ture factory for use in upholijtery. In so- 
cieties plagued with unemployment, this 
approach makes sense. Among the in- 
dustrial countries, the highest recycling 
rates are usually found in densely popu- 
lated countries that import energy and 
caw materials, such as the Netherlands 
and Japan. 

1 he energy savings are greatest with 
aluminum, where ii'ecycling requires 
only 6 percent as mu(:h energy as alumi- 
num produced from bauxite. Iron and 
steel recycling usqs roughly 35 percent 
of the energy required to produce these 
materials from iron ore. With paper, the 
" savings are 20-40 percent. For glass, the 
U.S. Environmental Protection Agency 
estimates that national returnable bever- 
age container legislation would save 4(> 
million barrels of oil per year— roughly 
10 days of imports at 1984 levels. Some 
of this saving has of course been realized 
already, since nine slates, home to 
roughly a fifth of all Americans, have 
passed returnable deposit legislation. 

No country has a materials recycling 
system nationwide. Several national gov- 
eroment? have taken steps to facilitate 
recycling, but comprehensive programs 
are largely in the hands of local govern- 
ments, either at the municipal or the 
state level. The impressive systems in a 
number of cities were described in last 
year's State of the World. Since then, Min- 
neapolis, a city of close to 400,000 peo- 
ple, bejfime the largest American com- 
munity to start «a source separation 
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recycling program. Its voIuntai7 pro- 
giam was launched on November 1, 
1983. Jn the first month 476 tons of rc<| 
cycUible materials — paper, cans, glass, 
and oil — were collected; the second and 
third months netted 512 and 600 tons. 
At the start, one house out of six was 
participating, but within a year it is ex- 
pected to reach one out of four. For now 
the city subsidizes the pickup at the rate 
of $10-17 per ton. Once the program is 
well established, however, the recycling 
firms will have to earn their iricome from 
sale of the materials they pick up.^^ 

Machida, Japan, a city of 60,000 peo- 
ple, has a 'Recycling Culture Center" 
that may be the world's most sophis- 
ticated recycling program. Its executive 
director, Muneo Matsumoto, explains 
the Center s name: **Merely collecting 
and processing garbage does ijot solve 
the problem. A lot of waste todny comes 
from our modern culture, with its em- 
phasis on mass produced pWstic pro- 
ducts and packaging. We Ij^ve to change 
that culture from the very roots. We 
have to reconsider our entire way of life 
because that is the only way you reduce 
garbage. V^wanted our citizei^s to think 
about ^this incept, so we decided to use 
the word culture in our official name. " In 
addition to the usual separation of 
materials for recycling, the Center also 
renovates furniture, appliances, cloth- 
ing, and bicycles, which are sold at bar- 
gain prices or given to the needy. If local 
regulations can be modified, the garbage 
residue, which is now incinerated, will 
eventually be used to cogenerate elec- 
tricity and ste<fm heat, with the latter 
piped to nearby homes, offices, and 
other facilities. 

Several forces are dnving. individual 
households, businesses, ahd communi- 
ties toward comprehensive recycling, 
not least of which is the rising cost of 
energy. Another is the rising cost qf 
Klndfill for municipal governments, 
nwhich is what led Minne<ipoIis to con- 
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sider its source-separatWn recycling 
program. Between I9S0 and lO^^^ity 
officials expected the cost of irasK dis- 
posal to nearly quadriJiple* (See iV^le 
10-8?) J&Oth>^the greater distant e loVe- 
maining landftll sites and the rising coXts 
ot ensuring environmental safety of.di 
posal sites are boosting landfill costs 

Minimills are thriving in the United 
States at a time when the more con- 
ventional segment of the steel in- 
dustry is in the doldrums. 



A number of technological advances 
are facilitating materials recycling. One 
is the electric arc furnace, a steel-making 
technology that relies almost exclusively 
on scrap metal. Usually relatively small 
by steel industry standards, these mini- 
mills are thriving in the United States at 
a time when the more conventional seg- 
ment of the steel industry is in the dol- 
drums. With lower material costs and 
with far lower energy requirements, the 
steel minimills lire steadily increasing 
their market share. (See Table 10-9,) In 
1960 electric ^i^c furnaces accounted for 
2 percent of U.S. ^teel output. By 1985 
this is expected to reach 32 percent and 
by 1990, 36 percent. This percentage 
thus indicates the minimal sh^rt of U.S. 

Table lt>-8* Cost of Burying a Ton of 

Trash'in UndEII for the City of 
Minneapolis, With Projections to |990 



Year 



Cost Per Ton 



1980 
1984 
1996 



(dollars) 
U 

23 

40 



scrap that will be recycled- As the other 
principal steel-makiiig technology, the 
basic oxygen fii!|iace, typically uses 
some 38 ijar^nt scrap, half or more of 
U.S. sy^Toutput in 1990 will be from 
recydtd materials. 

Another technology that is facilitating 
twtal recycling is the reverse vending 
machine, which dispenses coins in re- 
turn ior empty aluminum cans. With 
scrap alvnninum now worth some $500 
per ton, the collection of aluminum cans 
has become economically attractive> 
Sweden, the world leader in this technol- 
ogy, plans to have 10,000 reverse vend- 
ers in operation by 1990, recycling an 
estimated 97 percent of all aluminum 
cans. As of the end of 1984 there were 
some 2,200 of these machines in opera- 
tion in the United States. 

As the environmental and economic 



Table 10-9. U.S. Steel Produced In 
Electric Arc Furnaces, 1960-^4, With 





Projections to 1990 




Annual 


S^arc of Total 


Year 
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St^cel Production 




(million tons) 


(percent) 
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^ 13.8 


10.5 




^ 20.1 r 


15.3 


1975 


22.7 


19.4 


1980 


31.2 , 


27.9 


1981 


34.1 


28.3 


1982 


23.2 


31.1 


1983 


25.1 


31.6 


1984 


> 33.0 


33.2 


1990 


'43.4 


36.0 



source; Minneapoli.1 Ci(y Covcrnmcnt. 



souRCr.s: American Iron and Steel Inititutr; data 
foi 1990 JTroui Jack R. MUlcr. "Siccl NfinimUls/* 
Scitiittfic Amrman, May 1984. ^ a 
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reasons for recycling become more coni- 
pelling, national and local governments 
may re<^uire it, TjKe city of Islip, New 
York, whose garbage clumps were pol- 
luting underground water with toxic 
chemicals, was ordered by the courts to 
adopt a mandatory resource recycling 
program. The Netherlands and Japan 
have both introduced some regulations, 
although neither govei^ient has come 
close to mandating a comprehensive 
materials recycling progi^im. One prob- 
lem faced by recyclers almost every- 
where is price instability. The price 
swings in the market forfecycled materi- 
als typicaily exceed thoseof the business 
cycle itself; To overcome this the Dutch 
government has established a price sta- 
bilization reserve for paper, under which 
the government buys paper* when the 
price drops below the established price 
and then resells it when the market price 
rises again, '^'^ 

Pllblic interest groups often initiate 
the establishment ol recycling programs. 
In some communities in the Unitefl 
States and Japan, citizens* groups are di- 
rectly involved in educating people 
about the social advantages of recyj^ing; 
in others tfiey actually collect materials. 
In Boulder, Colorado, for example, vol- 
unteer groups involve themselves in the 
recycling program on weekends to raij^e 
funds. A similar approach is used in 
Japan where student as^ciations take 
part in recycling progirims to raise 
money,^* 

One benefit of source-separation recy- 
cling programs is the sense of participa- 
tion they can provide people with, As 
Brian Hammond put it in tHTe Nexo Scien- 
iisl: *in an increasingly impersoKial 
world in which political and economic 
events seerrt as aria^krary and unalterable 
as the weather, many of us feel remote 
from the real levers of power, Atlhe in- 
dividual level recycling systems give us a 
chance to help to exercise control over at 
least one section of tli^ whole complex 



and bewildering macroeconomy,'*^^ 

Apart from being an obvious integral 
part of any society that is sustainable 
over the long term, the rate ;rt which 
countries move toward comprehensive 
recycling wi|l airec*-^>th their living 
standards an^ their competitive position 
in the international marketplace. With 
energy becoming scarce, recycling can 
provide a higher standard of living at any 
given level of energ)' consumption. 
Those national economies that recycle 
will be more energy-efficient and hence 
more competitive in world markets than 
those that continue to throw Sfway 
materials used just once. 



Complexity, Change, and 
Leadership | ^ 

Times of rapid change put a premium on 
loader^5hip. During jhe long stretches of 
history when social change /was so slow 
as to, bt scarcely perceptible there was 
little need for leadership. Maintaining 
the status quo dof s not impose the heavy 
demands ori leaders that change does. 

Change requires both intellectual and^ 
political innovation. Intellectual leader- 
ship identifies the- need for change and 
determines what directiot\^ society 
should move. Political leaders devise the 
policies and shape the priorities to mOvie 
society in this' direction. 

More often t^ikn not insight comes 
from outside (^ government and usually 
from people rather than institutions — 
from people such as Rachel Carson or 
F^,F, Schumacher/ Durih]b[ the early six- 
ties Rachel CaV$on awakened the world 
to the fhjks (fr chemical pollution as- 
sociated with modem industrial society. 
A d^rcade later E.F, Schumacher effec- 
tively challenged the **bigger is better" 
mode of technological thinking that wiis 
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guiding the evolution of industrial ^oci- 
eties.^^ 



Times , of rapid change put a pre 
mlum on leadership. 



More recently, a group of scientists 
. led by astronomer Carl Sagan and biolo- 
gist Pa^l Ehrlich have altered the way we 
think about nuclear war, Thc^ir research 
on the climatic and biological conse- 
quences of such a war led to a national 
conference, articles published in Science 
magazine^ and a worldwide debate. 
Their findings^ largely confirmed by So- 
viet scientists as^vell as the U.S. Defense 
Department, are revolutionizing think- 
ing about the consequences of nuclear 
explosions. Recognition of the **nViclear 
winter** effect has made nuclear disarma- 
ment more urgent than ever,^^ 

At the governmental level, the Global 
200(^^ study undertaken during the 
Carter^ administration contributed to 
worldwide understanding of complex 
environmental and resource ^-trends* 
Other governments are now conducting 
national Year 2000 studies, many mod- 
eled on the Global 2000 repbr.t. Among 
those completed or in progress are stud- 
ies in Canada, China, Iceland, japan, 
Mexico, the Philippines, South Africa, 
and South Korea. When completed, 
over one third of the world's people will 
live in countries that have taken (his 
basic step toward understanding long- 
term resource trends*^^ 

Perhaps tlie most challenging aspect 
of matiy problems facing humanity today 
is their gradual; insidious nature. Since 
the time horizon associated with issues 
such as population growth, soiterojjion, 
COf buildup, and deforestation doei not 
me^h with the multiyear terms of elected 
political leaders, the temptation to ig- 
nore such topics is great. 
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Scientists, not politicians, are^^most 
4 likely to forge the institutions needed to 
confront these issues. The international 
scientific community has decades of 
experience investigating problems that 
are so large-scale and so long-teiw that 
only cooperative effort? yield useful in- 
formation. In September 1 984 the 
International • Council of Scientific 
Unions proposed a new International 
GeospKere-Biosphere Program that will 
encompass the world's climate, bios- 
phere, and the interactions of biological 
and geological cycles. The project was 
inspired as much by a sense of urgency 
about the scale of problems and the 
need for international cooperation in ad- 
dressing them as by the quest for knowl- 
edge for its own sake.^'^ 
, New international political institu- 
tions will be created for two reasons: to 
force countries to take remedial steps 
that no one nation would be willing to 
undertake alone, and to allow countries 
to gain from cooperation what they qan- 
not gain from utiilateral action. As^en- 
tionecLi|u Chapter 5, 16 nations have 
joined%^j(). percent club'' pledging to 
reduce sulfur dioxide^ emissions by at 
least 80 percent pver the next ten years, ' 
Although the two largest sulfur emitters, 
the United States and the United King^ 
dom, have refused to join^ the tr^nd to- 
ward cooperation is encouraging. No na- 
tion, acting alone, is capable of stopping 
airborne pollutants at it§ borders. 

Countries are often slow to recognize 
the second reason for creating interna- 
tional institutions— that their self-inter- 
est is best served by cooperation. The 
insight that a resource formerly consid- 
ered **nationar* is actually '*glottar* can 
create a foundation for cooperative 
efforts. The Organization pf Petroleum 
Exporting Countries would tiaye found- 
ered long ago if oil were not a global 
cQmmodity. Intact tropical forests are 
beginning to be seen as a global re- 
source as welL Writing in Foreign Affairs, 
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tropical forest analyst Nicholas Guppy 
argues that an* Organization of Timocr 
Exporting Countries could slow defor- 
jcsiatiQrt while boosting the earnings of 
timber producers. Such an institiition 
would require an unprecedented dqfree 
of cooperation fix>m ihc 17 counades 
.that export nine tenths of the worlds 
tropical timber, but it could do n)orc i6 
save remaining forests than any other 
approach by making fore?5t conservation 
a paying proposition.^^ 

T^he advance of knowledge has ac/ 
cclcrated its specialtT^alion. Unfortu- 



change demands not only a vision of the 
future, but the capacity to communic^Ue 
that vision. The ellbrt to put the wQfld 
on a sustainable basis will 4aka yeai'^ of 
i^pid. perhaps convulsive, economiceand 
social change. Success in restoring a sus- 
(aiuvible society will depend on the will- 
ingness and ability of political leaders to 
help their constituents understand 
change, why il is "inevitable, and how (o 
influence its direction. Psychologist 
Warren 0. Bennis observes that great 
political lei^ders such as Jeffei^son, Lin- 
coln, and Wilson were above all educa- 
nately, the pendulunj has swung too far >ors» "ti^n.sfovming murky problems 
in this direction, and much of today's r into understandable issues . . . (filtering) 



knowledge is fragmentary as a result 
Thi^ fragmentation has influenced not 
only the accumulation of knowledge 
universities but also the way knowledge 
is used by governments and by 
United Nations system, all of which seem 
crippled by an inability to act (consis- 
tently and decisively. The knack for syfu- 
thesis *is lacking. In an Aspen institute 
paper on governance, Joseph Slater^ the 
Instijute*s president, notes '^Many 
bright people can analyze situations with 
great skill, but many of them also tend to* 
leave the pieces of the an^dytic mosaic ' 
scattered uselessly on the top dlfa tab^g- 
It is truly gi^at persons who show us how 
we can put theae pieces together — ;in- 
deed, that ability is the hallmark of great- 
n<»;j/*^^ 

Within the U.S. Congresv^,"" concern 
over the pact^ of technological changfp 
and the need for synthesis led to ci^ea- 
tion of the Offiqe or t echnology AijaeSsi 
ment. Its purpose was to sketcl^^ht^ 
broad policy issues confronting Con- . 
gress, issues that demanded interdisci- 
plinary analysis and action. The Office of 
Technology Assessment has become a 
trusted, nonpartisan voice on many of 
the divisive issues of technology policy 
that confront Congreiss, the executive 
branch, and the public. 

Effective leadership in a time of rapid 



the unwieldy flow otinlbrmation into co- 
herent patterns. Without a proper 
luiderstanding of the forces driving 
change, government's iPail to respond to 
emerging problems, and problems be- 
come crises. 

From time l<3 time a person with a vi- 
^sion for the future, elected or iippointed 
to a position of responsibility/ nudges 
society toward a sustainable future. Jerry 
Brown, for exan>ple, as Governor of Cal- 
ifornia, provided active leadership in^ 
adopting policies and progr<^ms to en- 
courage the development of renewable 
enerj^y resources. Today California not 
only, leads the world in both wind-^ 
ge'herated electricity and geothermal 
electricity, it has spawned new wind and 
geothtrroal industries that are moving to 
develop these resources in other parts of 
the world. 

Ideology is not a substitute for intelli- 
gent, responsible policy. Pragmatism is 
the order of the day. Even countries with 
entrenched ideologies can embrace 
pragmatism. Rcceni^ytars have seen a 
major/? sKift \n both the Hungarian and 
Chinese economies as leaders in these 
countries recognized that too much eco- 
nomic centralisation was - impeding 
prpgtes/. As a result, both have given a 
much freer rein to market forces. Chi- 
nese success in im|>roving .diets has 
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flowed directly from the governinent s 
decision to reduce its involvement in auf- 
nculture while mcreasing its mvolvc- 
ment ift family planning. ' 

While the Chinese Government has 
become more pragmatic in i j^cent years, 
the U.S. Government seems to have be- 
come less so. Nowhere was. this more 
evident than at the International Confer- 
ence on Population in Mexico City in 
August 1984. where the United Stsues 
argued that market forces alone could 
^ solve the population problem. This posi- 
tion, whiqh ignored the^ vast body o( 
den>ographic knowledge and belittled 
the perceptions of other governments, 
led to muth criticism- anrf even ridicule ^ 
of the U.S. GoyernYnenl. 

Much of the leadership roquiredjn the 
years ahead will come from grass-roQts 
activists. Arresting and reversing th<? 
deterioration -of living coivditions is 
above all else a political process and it 
requires broad participation. Numerous 
activist groups have sprung up in many 
p'arts of the worfd to translate icfeas into 
policy. None better, exemplifies the in- 
terdependence of ecological, economic, 
and social systems than the Chipko 4n- 
dolan or **Hug the Trees" movement in 
the Himalayan foothills of northern ^ 
India. 

The Chipko movernent was born a 
decade ago of village women's (roncern 
. about deforestation leading to excessive 
erosion and landslides, to increasingly 
destructive flooding on the plains below, 
and to a waste of local fuelwood re- 
^ sources. Since 1973, the Chipkos have 
challenged the government of Uttar Pra- 
desh to enact a forest policy more sensi- 
tive to local needs. They have also set an • 



example by mounting extensive yolunn 
tai7 reforestation eworts often. superior 
to those designed t\(he government. 
And women have g^ir^M a new measure 
of authority in recognition of their lead- 
ership in the movetnoiil stemming from, 
their previously unacknowledged role in 
collecting fuel and fodder for their com-, 
muwities,*^ ' ^ 

The threats to progress that the^ world 
faces today are of such immense propor- 
tions that people from all walks c^f life 
will liavf-to participate in solving them-^ 
The year& ahead are likely to be trau-' 
malic, ancl thpy could be catastrophic. 
The issues we have outlined already 
place great stress on the international 
political fabric:. 

The internAtional community's capac- 
ity to deal with the new threats to prog- 
ress may first be tested in Africa, where 
the dimensions of the unfolding food 
and water crises havcf not yet been fully 
grasped. Emergency food relief efforts-— 
absolutely essential though they are — 
treat only the symptoms Qf the deteri- 
oixitin^ situation. If Africa is. drying out 
because of poipulatioji-induKTed changes 
in land use, as postuMted in Chapter 1, 
then the continuous, ct>ntinent-wide de- 
cline in per capita food production can 
be reversed only by tree planting, family 
planning, soil conservation, and water 
resource development ori^g^^^^cale af^f^ 
with an urgency exceeding ahyT?lWaia- 
tional collaborative effort since the Al- 
lied Potvers mobilized during World 
War II, It demands leaders whq will shift 
the world's attention^ and its resources, 
from maintaining fiast^^st hostility to 
restoring the natural s^mns that ulti-* 
mately sustain all societies'. 
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buildings. l6l-'65 
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fotrfitries in 
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cremation in» 5. 27 /\ ^ ' 

cropland in> 21, 24, 26^ ^ \ : 
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population-induced, lO-H 
and protected areas. 145 ^ 
i and/wa(cr supplies,, 46 • 1 * 

C^^/see carbon dioxide 
^ .coal ' . * 
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winter pollntion in, 51 • 
Colorado. 25, 182 
Congo, 232 

conservation, of energy, see energy 

efficiency 
cor^ervation biology, 142 
conservation tillage. 229 
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plantations, 111 

reforestation programs for, 1^0^35 
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In iQajny Third World countries 4|eneradon of one-child f»mlUe« may 
be the key lo^mloring a sustained improvement in llAng standards. 

Just using the hlost eflicient lights in the United States would save a 
^ third of the IJ.S. coaNflred <|bi^' e 

Gene banks In Third World countries a^-e likely to outnumber those in 
Industrial nations by the end of the eighties, ^ 

Aft ica is "drying out'* . . .The desiccation of the continent can be seen 
on every hand. 

Wind forms provided California utilities with 20 million dollars' 
worth of electricity lij 19g4— enough for 40,l5oO homes. 

^ Aquaculture now provider* roughly one-seventh of world seafood 
consumption. . 

' The Soviet Union's planned diversion of Siberian rivers may meet pnly 
one>fourth of the ^vater deficit expected in central Asia, 

"Obscrveirs generally agree on the principal actions .needed to put society on a 
sustainable footing, iuch as stabilizing population, conserving solt, and do\v|Q|^ing 
rene^rable energy resources/' writes WorldWatch Institute president Lester R. 
Brown. "But conf^8i9n persists over how well the world. is doing in nteeting these 

State <fthe Worl^ms is the second in an annual series of reports from WDridwatch 
that meaisQre^ woddwide progress in achieving a sustainable society. Using a btoad 
network of information sourt^s, the report nKwitors changes in the global resouite 
b«»e^(la^»d, water; energy, and bioiQ|ical tup|}brt jyitemsX focusing particulariy on 
how changes there affect the econ^, A natural outgrowth of the Woridwitch 
Instituticf's ongoing progress, the book lil publi<hed^in response to a growing demand 
for policy-oriented interdisciplinary research. 

Here the reader will And newa on innovative or particularly suceessful technical 
developnients; in'einphatis oh global economic connections that policy Makers often 
overtook; « review'of national (wilcies and programs, including progiess toward 
speciiic nAtioivU. goals; attd a survey of mi^ financial commitments by.govemments 
ami international devetopmei^t agencies. ' ' 

Of Stffte if the WbHd im John Strohm,^edit6r of Mr* rw//omi/ WiMife, said: 
"This is thiist reading for anyone concerned with ^jlU^ure." 

coveapesiOHfeYMiKipMciVBR / , 



